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ROYAL SOCIETY OF EDINBURGH.

THE KEITH, BRISBANE, AND NEILL PRIZES.

The above Prizes will be awarded by the Council in the following manner :

—

I. KEITH PRIZE.

The Keith Prize, consisting of a Gold Medal and from £40 to £50 in Money,

will be awarded in the Session 1869-70, for the " best communication on a

scientific subject, communicated, in the first instance, to the Royal Society dur-

ing the Sessions 1867-68 and 1868-69." Preference will be given to a paper

containing a discovery.

II. MAKDOUGALL BRISBANE PRIZE.

This Prize is to be awarded biennially by the Council of the Royal Society of

Edinburgh to such person, for such purposes, for such objects, and in such manner

as shall appear to them the most conducive to the promotion of the interests of

science ; with the proviso that the Council shall not be compelled to award the

Prize unless there shall be some individual engaged in scientific pursuit, or some

paper written on a scientific subject, or some discovery in science made during

the biennial period, of sufficient merit or importance in the opinion of the Council

to be entitled to the Prize.

1. The Prize, consisting of a Gold Medal and a sum of Money, will be awarded

at the commencement of the Session 1870-71, for an Essay or Paper having

reference to any branch of scientific inquiry, whether Material or Mental.

2. Competing Essays to be addressed to the Secretary of the Society, and

transmitted not later than 1st June 1870.

3. The competition is open to all men of science.

4. The Essays may be either anonymous or otherwise. In the former case,

they must be distinguished by mottoes, with corresponding sealed billets super-

scribed with the same motto, and containing the name of the Author.



5. The Council impose no restriction as to the length of the Essays, which may

be, at the discretion of the Council, read at the Ordinary Meetings of the Society.

They wish also to leave the property and free disposal of the manuscripts to the

Authors; a copy, however, being deposited in the Archives of the Society, unless

the Paper shall be published in the Transactions.

6. In awarding the Prize, the Council will also take into consideration any

scientific papers presented to the Society during the Sessions 1868-69 and

1869-70, whether they may have been given in with a view to the Prize or not.

III. NEILL PRIZE.

The Council of the Royal Society of Edinburgh having received the bequest of

the late Dr Patrick Neill of the sum of £500, for the purpose of " the interest

thereof being applied in furnishing a Medal or other reward every second or third

year to any distinguished Scottish Naturalist, according as such Medal or reward

shall be voted by the Council of the said Society," hereby intimate,

1. The Neill Prize, consisting of a Gold Medal and a sum of Money, will

be awarded at the commencement of the Session 1871-72.

2. The Prize will be given for a Paper of distinguished merit, on a subject of

Natural History, by a Scottish Naturalist, which shall have been presented to

the Society during the three years preceding the 1st May 1871,—or failing

presentation of a Paper sufficiently meritorious, it will be awarded for a work

or publication by some distinguished Scottish Naturalist, on some branch of

Natural History, bearing date within five years of the time of award.



AWARDS OF THE KEITH, MAKDOUGALL BRISBANE, AND NEILL PRIZES,

SINCE 1865.

AWARD OF THE KEITH PRIZE.

20th Biennial Period, 1865-67. Professor C. Piazzi Smyth, for Kis paper on "Kecent Measures

at the Great Pyramid," published in the Transactions of

the Society.

MAKDOUeALL BRISBANE PRIZE.

5th Biennial Period, 1866-68. Dr Alex Crum Brown and Dr Thomas Richard Fraser, for

their conjoint paper on "The Connection between Chemical

Constitution and Physiological Action," published in the

Transactions of the Society.

AWARD OE THE NEILL PRIZE.

4th Triennial Period, 1865-68. Dr William Carmichael M'Intosh, for his paper on " The

Structure of the British Nemerteans, and on some New
British Annelids," to be published in the Transactions.
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LAWS.

[By the Charter of the Society (printed in the Transactions, Vol. VI. p. 5), the Laws cannot

be altered, except at a Meeting held one month after that at which the Motion for

alteration shall have been proposed.]

I.

THE HOYAL SOCIETY OF EDINBURGH shall consist of Ordinary and Title.

Honorary Fellows.

II-

Every Ordinary Fellow, within three months after his election, shall pay Two The fees of Ordi-

^ 1 f e> -\ • • imi r\ • ^ • •^ • n ^
nary Fellows resid-

Gumeas as the fee oi admission, and ihree Guineas as his contribution tor the ing in Scotland.

Session in which he has been elected ; and annually at the commencement of every

Session, Three Guineas into the hands of the Treasurer. This annual contribution

shall continue for ten years after his admission, and it shall be limited to Two

Guineas for fifteen years thereafter.*

III.

All Fellows who shall have paid Twenty-five years' annual contribution shall Payment to cease

,
after 25 years.

be exempt trom tarther payment.

IV.

The fees of admission of an Ordinary Non-Resident Fellow shall be £26, 5s., Fees of Non-Resi-

payable on his admission ; and in case of any Non-Resident Fellow coming to Fellows.

reside at any time in Scotland, he shall, during each year of his residence, pay the

usual annual contribution of £3, 3s., payable by each Resident Fellow ; but after

payment of such annual contribution for eight years, he shall be exempt from any

farther payment. In the case of any Resident Fellow ceasing to reside in Scot- Case of Fellows
becoming Non-Re-
sident.

* At the Meeting of the Society, on the '5th January 1857, when the reduction of the Contri-

butions from £3, 3s. to £2, 2s., from the 11th to the 25th year of membership, was adopted, it was
resolved that the existing Members shall share in this reduction, so far as regards their future

Annual Contributions.

A modification of this rule, in certain cases, was agreed to 3d January 1831.

VOL. XXIII. PART III. d



XIV

land, and wishing to continue a Fellow of the Society, it shall be in the power of

the Council to determine on what terms, in the circumstances of each case, the

privilege of remaining a Fellow of the Society shall be continued to such Fellow

while out of Scotland.

Defaulters. Members failing to pay their contribution for three successive years (due ap-

plication having been made to them by the Treasurer) shall be reported to the

Council, and, if they see fit, shall be declared from that period to be no longer

Fellows, and the legal means for recovering such arrears shall be employed.

Privileges of

Ordinary Fellowa.

Numbers Un-
limited.

VI.

None but Ordinary Fellows shall bear any office in the Society, or vote in the

choice of Fellows or Office-Bearers, or interfere in the patrimonial interests of the

Society.

VII.

The number of Ordinary Fellows shall be unlimited.

Fellows entitled

to Transactions.

VIII.

The Ordinary Fellows, upon producing an order from the Treasuker, shall be

entitled to receive from the Publisher, gratis, the Parts of the Society's Trans-

actions which shall be published subsequent to their admission.

Mode of Recom-
mending Ordinary

Fellows.

IX.

No person shall be proposed as an Ordinary Fellow without a recommenda-

tion subscribed by One Ordinary Fellow, to the purport below.* This recom-

mendation shall be delivered to the Secretary, and by him laid before the Council,

and shall afterwards be printed in the circulars for three Ordinary Meetings of

the Society, previous to the day of the election, and shall lie upon the table during

that time.

Honorary Fellows,

British and
Foreign.

X.

Honorary Fellows shall not be subject to any contribution. This class shall

* " A. B., a gentleman well skilled in several branches of Science (or Polite Literature, as the

case may he), being to my knowledge desirous of becoming a Fellow of the Royal Society of Edin-

burgh, I hereby recommend him as deserving of that honour, and as likely to prove a useful and

valuable Member."

This recommendation to be accompanied by a request of admission signed by the Candidate.



XV

consist of persons eminently distinguished for science or literature. Its number

shall not exceed Fifty-six, of whom Twenty may be British subjects, and Thirty-

six may be subjects of foreign states.

XI.

Personages of Royal blood may be elected Honorary Fellows, without regard Roy^i Personages

to the limitation of numbers specified in Law X.

XII.

Honorary Fellows may be proposed by the Council, or by a recommendation Recommendation

(in the form given below*) subscribed by three Ordinary Fellows ; and in case °ows.°""'^^'^^

the Council shall decline to bring this recommendation before the Society, it shall

be competent for the proposers to bring the same before a General Meeting. The

election shall be by ballot, after the proposal has been communicated viva voce Mode ot Election.

from the Chair at one meeting, and printed in the circular for the meeting at

which the Ballot is to take place.

XIII.

The election of Ordinary Fellows shall take place at the Ordinary Meetings of Election of Ordi-

the Society. The election shall be by ballot, and shall be determined by a majo-
^^^^

rity of at least two-thirds of the votes, provided Twenty-four Fellows be present

and vote.

XIV.

The Ordinary Meetings shall be held on the first and third Mondays of every Ordinary Meet-

month from November to June inclusive. Regular Minutes shall be kept of the
'°°'"

proceedings, and the Secretaries shall do the duty alternately, or according to such

agreement as they may find it convenient to make.

XV.

The Society shall from time to time publish its Transactions and Proceedings. The Transactions.

For this purpose the Council shall select and arrange the papers which they shall

* We hereby recommend
for the distinction of being made an Honorary Fellow of this Society, declaring that each of us, from
our own knowledge of his services to {Literature or Science, as the case may be'), believe him to be

worthy of that honour,

(To be signed by three Ordinary Fellows.)

To the President and Council of the Royal Society

of Edinburgh.
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How Published.

The Council.

Retiring Council-

lors.

deem it expedient to publish in the Transactions of the Society, and shall super-

intend the printing of the same.

XVI.

The Transactions shall be published in Parts or Fasciculi at the close of each

Session, and the expense shall be defrayed by the Society.

There shall be elected annually, for conducting the publications and regulating

the private business of the Society, a Council, consisting of a President ; Six Vice-

Presidents, two at least of whom shall be resident ; Twelve Councillors, a General

Secretary, Two Secretaries to the Ordinary Meetings, a Treasurer, and a Curator

of the Museum and Library.

XVII.

Four Councillors shall go out annually, to be taken according to the order in

which they stand on the list of the Council.

Election of Office-

Bearers.

XVIII.

An Extraordinary Meeting for the Election of Office-Bearers shall be held on

the fourth Monday of November annually.

XIX.
Special Meetings

;

Special Meetings of the Society may be called by the Secretary, by direction

of the Council ; or on a requisition signed by six or more Ordinary Fellows.

Notice of not less than two days must be given of such Meetings.

XX.

Troaaurers Duties. The Treasurer shall receive and disburse the money belonging to the Society,

granting the necessary receipts, and collecting the money when due.

He shall keep regular accounts of all the cash received and expended, which

shall be made up and balanced annually ; and at the last Ordinary Meeting in

January he shall present the accounts for the preceding year, duly audited. At

this Meeting, the Treasurer shall also lay before the Council a list of all arrears

due above two years, and the Council shall thereupon give such directions as

they may deem necessary for recovery thereof.

Auditors.

XXI.

At the Extraordinary Meeting in November, a Committee of three FeUows

shall be chosen to audit the Treasurer's accounts, and give the necessary discharge

of his intromissions.
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The report of the examination and discharge shall be laid before the Society

at the last Ordinary Meeting in January, and inserted in the records.

XXTI.

The General Secretary shall keep Minutes of the Extraordinary Meetings of (^eueiuiStcittaryv

the Society, and of the Meetings of the Council, in two distinct books. He shall,

under the direction of the Council, conduct the correspondence of the Society, and

superintend its publications. For these purposes, he shall, when necessary, employ

a clerk, to be paid by the Society.

The Secretaries to the Ordinary Meetings shall keep a regular Minute-book, in Secretaries to

, .
Ordinary Meetings.

which a full account of the proceedings of these Meetings shall be entered ; they

shall specify all the Donations received, and furnish a list of them, and of the

donors' names, to the Curator of the Library and Museum : they shall likewise

furnish the Treasurer with notes of all admissions of Ordinary Fellows. They

shall assist the General Secretary in superintending the publications, and in his

absence shall take his duty.

XXIII.

The Curator of the Museum and Library shall have the custody and charge of Curator of Museum
^

. . .

-^ => and Library.

all the Books, Manuscripts, objects of Natural History, Scientific productions, and

other articles of a similar description belonging to the Society ; he shall take an

account of these when received, and keep a regular catalogue of the whole, which

shall lie in the Hall, for the inspection of the Fellows.

XXIV.
All articles of the above description shall be open to the inspection of the Use of Museum

Fellows, at the Hall of the Society, at such times, and under such regulations, as
^^ '

"^^^^^

the Council from time to time shall appoint.

XXV.
A Register shall be kept, in which the names of the Fellows shall be enrolled Register Book.

at their admission, with the date.
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TEANSACTIOISTS.

I.

—

On the Anatomy and Classification of the Heteropoda. By John Denis

Macdonald, R.N., r.R.S., Surgeon of H.M.S. "Icarus." (Plates I., II.)

(Read SOth January 18G2.)

Notwithstanding the rapid progress of zoology in other departments, the

Heteropoda still remain imperfectly known, if one may form a judgment from

the scantiness of definite information respecting them to be found in systematic

works. Nearly all the available space is usually occupied with an exposition of

the errors and doubts of the great men who gave us the first outlines of the order,

while comparatively little is done to improve the subject, or make it intelligible

to the student.

Having had favourable opportunities of examining all the veritable genera of

existing Heteropoda^ I have attempted the arrangement of my notes in a con-

nected form ; and as they have been taken directly from nature, I am led to hope

that some little may be thus added to what may be already known of the parti-

cular species investigated.*

It is usual to divide the Heteropoda into two families,—viz., Firolidoe and

A tlantidw j but it appears to me that there is as little difference between Oxp-

gyrus and Cardiapoda, as there is between the latter genus and Firoloides, while

all three differ sufficiently inter se to warrant their separation into three distinct

families, in each of which two well-defined genera may be included ; thus

—

1. Firolidae, Firoloides (Lesueur), Firola (Perou and Les.)

2. Carinariidse, Cardiapoda (D'Orb.), Carinaria (Lamarck).
3. Atlantidse Oxygyrus (Benson), Atlanta (Lesueur).

* Not having- had the opportunity of consulting many of the original figures of the French
naturalists, I have to acknowledge the great advantage I have derived from the study of Mrs Grat's
excellent etchings, in helping me to determine species, as also the descriptive letterpress of Dr Gray.
Many of the anatomical particulars detailed by me had, of course, been previously observed by others;

and though I have not clogged the paper with the separate announcements, dates, and authorities of

every addition to our knowledge of Heteropoda,—which, indeed, would be no small task,—I can vouch
for it, that all the facts embodied in the text have fallen under my own observation, and they may
therefore be regarded either in one sense as original matter, or in another, as confirmation of what
had been already made known.
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The zoological characters of these three families and their genera are given in

the following Table of Classification :

—

Ueteropoda.

I. Gymnosomata* (Firolidae). Animal wholly naked or without a shell.

1. With slender tentaeula, and destitute of true branchiae. Visceral mass near the root
of the filiform process of the metapodium,

—

Fh-oloidcs.

2. Witli rudimentary or no tentaeula, hut furnished with true branchiae. Visceral mass con-
siderably in advance of the base of the filiform process of the metapodium,—Firola.

II. Thecosomata inoperculata (Carinariidae). Animal in great part naked, but having the
visceral mass protected by a shell.

1, Shell corneous, with an involute nucleus. Swimming-plate nearly opposite the ^^sceral

mass. Metapodium with filiform appendage,

—

Cardiapoda.
2. Shell calcareous, with spiral nucleus. Swimming-plate considerably in advance of the

visceral mass. Metapodium laterally compressed, without filiform appendage,

—

Carinaria.

III. Thecosomata operculata (Atlantidae).

1. Shell corneous, with an involute nucleus. Operculum suhtrigonal, with small lateral

subapical nucleus,

—

Oxygyrus.

2. Shell calcareous, with a spiral nucleus. Operculum oval, with a large median sub-
apical nucleus,

—

Atlanta.

I have thus far anticipated myself in the construction of the preceding table,

but as it affords a bird's-eye view of the subject, it will be found convenient for

reference as occasion may require.

General Outline of the Order.

The Heteropoda are pre-eminently distinguished by the laterally compressed

and fin-like configuration of the body of the foot and propodium ; the rudimen-

tary state of the creeping disc {mesopodium), and the great length of the opercu-

ligerous lobe {inetapodium), or its homologue, often continued into a kind of caudal

appendage.

The remarkable transparency of the tissues of these animals reveals a great

part of their internal structure to the anatomist without dissection, which is

often a matter of great difficulty, arising from the same circumstance. They are

all furnished with a cylindrical proboscis- like muzzle, and a well marked neck,

large, mobile, and singularly beautiful eyes, lying in socket-like spaces, though

invested with the common integument at the posterior part of the base of simple

conical tentaeula, except in the true Firolce, in which the tentaeula are absent,

or at most very rudimentary.

The auditory sacs in all contain single spherical otoliths, increasing by exo-

genous layers, and revolving like planets on their axes, by the action of vibratile

cilia lining the sacs. The large size of the lenses of the eyes, as compared with

that of the otoliths, affords a character, which, although of a relative nature, is

* I have made use of the convenient terms Gymnosomata and Thecosomata in a similar sense

to that in which De Blainvtlle applied them to the Pteropoda.



AI^D CLASSIFICATION OF THE HETEROPODA. 3

of much importance in distinguishing the Heterojyoda. In Cardiapoda and Cari-

naria, as well as in the naked genera, the acoustic sacs are, as it were, appended

to the auditory nerves, which are of considerable length, and arise from the supra-

oesophageal ganglia. In the latter particular the heteropods differ from most of

the true gasteropods, in which the special centre of audition is incorporated with

the suboesophageal ganglia.

The oral aperture is circular, and at the extremity of a lengthy muzzle, within

which the " buccal," or rather the lingual mass, appears to occupy but a small

space. There are no labial or maxillary dental organs, but the lingual armature

is highly characteristic of the order. In accordance with the laws of its develop-

ment, the lingual ribbon gradually increases in breadth from before backwards.

The rachis consists of a single series of plates, while there are three members in

each pleura ; and all the dental points are simple, sharp, and conical, either per-

fectly straight and projecting backwards, or slightly curved and inclined more or

less inwards.

The segments of the rachis bear a variable number of simple teeth ; but the

internal pleural plates, whose attached surface occupies nearly, or quite the whole

breadth of the pleurae, generally present one large dental process at the inner

extremity, with a much smaller one somewhere near its base. The absence of

this smaller tooth, or, when present, its internal or external position with respect

to the larger one, may be taken into account in classification ; but as the two

outer members of the pleurae in all the Heteropoda are in the form of simple claw-

shaped uncini, any specific characters afforded by them can only be of a relative

nature, as to proportionate length, amount of curvature, thickness, &c. On ex-

hibiting my preparations and drawings to my respected friend, Mr W. S. Macleay,

he saw very plainly that generic characters might be drawn from the rachis alone

;

and it was with no small satisfaction that I enjoyed the concurrence of so great a

man in my first attempt to effect a classification of the Heteropoda, by their

lingual dentition, which so often outlives the decay of the soft parts generally.

The gills, or branchiae, usually consist of a linear series of short claviform or

tapering processes, with a loose cellular investment, presenting a longitudinal

zigzag fold on the inner surface, giving rise to the plumose appearance sometimes

so incorrectly represented in figures of these animals. In Firoloides^ however,

I have never seen any vascular appendages of the nature of gills, and they are

frequently absent, or inconspicuous even in Atlanta.

In closing this general sketch, it only remains to be stated, that the sexes are

distinct in Heteropoda, as was first suspected by M. Laueillard, who assisted

the great Cuvier in his dissections. Mr Macleay further informed me that

CuviER, on the same account, was deterred from placing them amongst his Tecti-

hrandiiata. Modern anatomists, however, have thought fit to contradict this

opinion, though upon what grounds, except hearsay, it is difficult to determine.
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I had originally intended to pass all the genera in review, dealing with the

whole anatomy of each in the order observed in the foregoing table ; but this

would extend the paper beyond reasonable limits, and perhaps prove monotonous
to the reader, from the frequent repetitions of essentially the same anatomical

particulars, however striking their modifications may be, in the different members
of this natural order.

I shall therefore first make selection of Firoloides a.ud Atlanta for especial

description, occupying, as I conceive them to do, the two extremes of the group

;

and those modifications to which I have alluded may be briefly noticed in a

passing glance at the remaining genera, or at least the particular species which

have casually fallen under my observation.

Firoloides (Lesueur).

While cruising in the South Seas, and subsequentlj^ in the neighbourhood of

the West India Islands, I was fortunate enough to obtain numerous specimens of

a solitary species of Firoloides, and which I find, if I am not very much mistalcen,

has been several times named by different writers who may have met with it

under such deceptive conditions as to mask its identity. Thus, the male and

female of this species are represented in Plate XVL, Voy. la Bonite, figs. 8 and 1

respectively, though the former has been designated Firola de Keraudrew, as also

Eydouxii, and the latter F. de Desmarest. I have traced it, moreover, under other

names in certain less definite figures, illustrating the works of the French natur-

alists, who appear to have had most to do with the Heleropoda from the very

foundation of the order, though it is scarcely reconcilable with Lesueur's figure

of Firola Demerastiana (1, c, i, 39, t. 2, f, 1 ), which Dr Gray seems to regard as

the type of the genus Firoloides. Now, though all this may be justly regarded as

a stumbling-block to the student, he has still more to encounter in the literature

of other genera. I shall therefoi-e eschew the naming mania altogether, and

simply attempt succintness of description, aided by fidelity in the figures, so as to

render the species in question just as definite as if I were to add fresh synonyms

to the existing confusion. It is a cheering reflection, however, to know that we
have in the lingual dentition a guide that cannot be gainsaj'ed, and whose ex-

punging power may be safely applied to a host of w??.9-applied cognomina with

their bracketed italics.

On entering Bass' Strait in H.M.S. "Torch," I obtained my first Firoloides.,

which was so perfectly transparent that, but for the brilliancy of its eyes, relieved

by the dark pigment coat protecting the retina3, it would probably have passed

unobserved. When immersed in sea-water, the eyes were seen rapidly swaying

from side to side with the undulatory movement of the elongated and pliant body,

no other parts being visible but the faint]}'^ rose-tinted visceral nucleus and the

little buccal mass.
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The whole length of the animal did not exceed an inch and a quarter ; and

when placed under the microscope, the principal features of its anatomy were

traceable through the integuments. (Plate I. figs. 1, 2, 3 and 4.)

The head supported two delicate tentaculoe of moderate length and taper form

,

and a large and beautiful eye occupied a considerable dilatation at the back part

of the base of each. The muzzle was rather slender, with a small truncated ex-

tremity, within which was contained a minute buccal mass, lodging a short

lingual sac. At the posterior part of this organ, the buccal artery terminated

between two nodules of nervous matter {haccal ganglia) (Plate I. fig. 2, d), while

a narrow oesophagus proceeded from its upper and fore parts.

The principal viscera were clustered together at the hinder extremity of the

body, which is abruptly truncated above, but produced inferiorly into a suddenly

tapering tail (Plate I. fig. 4, g), terminating in a filamentous appendage (Plate I. fig.

1, n, fig. 4, h), marked at certain intervals by slightly dilated joints or rings, softly

tinted with brownish pigment. This appendage is highly sensitive and mobile,

trailing in an undulatory manner after the animal as it swims. I can safely

say that it is neither a tapeworm nor an oviduct, though I am as yet unac-

quainted with its use.

The characteristic laterally compressed and fan-like foot (Plate I. fig. 1, g)

of the Heteropod crested the ventral surface of the body at a little distance poste-

rior to the centre, and near the fore part of the free margin of this organ a minute

sucker-disc (Plate I. fig. 1, f) was distinctly visible.

The body in this species is everywhere enveloped by a perfectly transparent

homogeneous-looking integument, the inner surface of which is studded at

irregular intervals with small clusters of cells, surrounding a larger vesicle (most

probably cutaneous glands). Internal to this there is a stout muscular sheath

(Plate I. fig. 2, o), which includes the buccal mass in front, and the visceral nucleus

behind where it extends into the tail, the homologue of the operculigerous lobe

of the foot in ordinary gasteropods.

The preceding sketch will suffice to give a general idea of the animal ; but we
shall now proceed to consider more in detail the anatomy of the organs of sense

and the several organic systems, which will enable us to understand more

thoroughly the modifications of this type occurring in the other genera.

Organs of Sense and Nervous System.—The eyes of Firoloides (Plate I. fig. 1, b,

fig. 2, 1), like those of other Heteropoda, are very large and beautiful, and situate at

the posterior part of the base of the slender tentacula. They are invested by the

common integument, and exhibit a very remarkable structure. A little bulb, some-

what compressed from above downwards and constricted in front, forms the body

of each. This is usually of a pale reddish-brown tint, and sparingly lined with

darker pigment granules. A perfectly spherical lens of highly refracting material

rests in a depression at its fore-part, and the lens itself is capped over by a strongly

VOL. XXIII. PART I. B
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curved meniscus, in which a cell-structure is often distinctly visible beneath the

cutaneous covering.

The acoustic capsules (Plate I. fig. 1, c, fig. 2, m) contain each a transparent glo-

bular otolith, which is very much smaller than the lens of the eye. Several little

prominences, on the inner surface of the capsules, represent those which poise off

the crucial otolith of Sepia, from the wall of the vestibule in which it lies. The

ear-sacs, moreover, appear to float freely within the muscular sheath, being

connected with the cerebroid ganglia by long and delicate auditory nerves.

The nervous system of this creature, from the peculiar mode of distribution of

its ganglia and communicating or commissural cords, not a little resembles the

Ao/wo-gangliate type.

Two elliptical knots of nervous matter lying side l)_yside, and blended togetherby

theircontiguous borders, compose the cerebroid ganglia (Plate I. fig. 2,i) in which the

combination of several smaller centres maybe distinctly traced in recent specimens.

Two large nerve-trunks, derived from the cerebroid ganglia anteriorly, com-

municate with the before-mentioned buccal ganglia, lying at the posterior extremity

of the lingual cartilages, and give off nerves to the buccal mass and mouth.

The optic nerves i^Plate I. fig. 2, h) emerge from the posterior part of the outer

border of the cerebroid ganglia, by a clul)-shaped base, and taper gracefull}'

towards the eyes, at the back part of which they form a remarkably thick retinal

expansion.

The delicate auditory nerves arise immediately behind the optic, and thence

passing outwards and backwards some little distance, reach the acoustic sacs (Plate

I, fig. 1, c, fig. 2, m), upon the walls of which other more delicate filaments are also

distributed. On examining the origin of the larger nerves, it would appear as

though they communicated with each other in the median line by very faint striae

traversing the substance of the cerebroid ganglia. From the posterior border of the

latter bodies, two large nervous chords (Plate I. fig. 2, n) pass directly backwards,

including between them the oesophagus (Plate I. fig. 1, e, fig. 2,g) and buccal artery

(Plate 1. fig. 2, e), and having reached the root of the swimming-fin, theyjoin the

fore part of the pedal ganglia (Plate I. fig. 1, h, fig. 3, a)—two nearly circular but

laterally compressed masses of nervous matter connected with one another by

their contiguous surfaces.

These ganglia give off numerous branches to the neighbouring parts, but from

the inferior border of each a special nerve descends wdth the pedal artery, and

is ultimately distributed to the swimming-plate, while two stout trunks, arising

from the posterior part of the ganglia, blend together in a loose plexiform manner,

and course backwards as a single chord. This at first accompanies the oesophagus,

to which it supplies several branches, next sends off a nerve of communication to

the visceral ganglia, and, finally subdividing in the tail, is lost in the filamentous

appendage.
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As far as I have yet discovered with any certainty, the visceral ganglia are two

in number—viz., 1st, A minute nodule of neurine (Plate I. fig. 4, d), joined by the

commissural nerve above mentioned, and situate at the angle between the origin

of the visceral artery and the continuation of the main trunk; and, 2dly, a much

larger oblong subquadrilateral ganglion (Plate I. fig. 4, e), lying on the right wall of

the intestine near its origin. From the superior angles of the latter body distinct

branches take their rise ; one in particular joining the former ganglion, while others

are distributed to the heart and everted mantle with its sphincter-like opening.

The digestiv^e and internal generative organs are supplied with nerves from the

inferior angles of the same nervous centre.

Digestive System. —The proboscis of Firoloides is susceptible of retraction and

protrusion to a considerable extent, in which movements the fore-part of the

common muscular sheath, and even the oesophagus itself, plays an important

part (Plate I. fig. 2, g).

The oral orifice (Platel.fig.2, a) is terminal, rounded, and unfurnished with labial

plates or mandibles of any kind. The buccal mass (Plate I. fig. 2, d) is small, and

placed nearthe extremityof the muzzle, as above-mentioned. The lingual cartilages,

in which the cell structure is beautifully marked, are oval in shape, wrapped to-

gether by ligaments, and supplied with muscles to effect their varied movements.

The tongue-sac is scarcely longer than the cartilages, terminating posteriorly

in a rounded extremity, and the dental area exhibits a remarkable increase in its

breadth from before backwards. The rachidian plates (Plate I. fig. 5, o) being con-

cave both in front and behind, are broadly (H) shaped, and bear a large central

tooth, with a little comb of denticles on either side . The first or inner pleural plates

(Plate I. fig. 5, 1) are destitute of a small inner tooth near the base of the large

cusp, and the uncini very nearly equal the breadth of the pleurae, as given in

Plate I. fig. 5.

An elongated and somewhat flattened salivary gland (Plate I. fig. 2, c) lies

along the lingual cartilage on either side, and communicates with the mouth by

a very short duct.

The oesophagus, proceeding from the upper and fore-part of the buccal mass,

takes a course directly backwards, in close relationship with the buccal artery

and nerves, and having reached the visceral nucleus, the canal exhibits a slight

gastric enlargement, which receives the biliary ducts inferiorly from the supero-

posterior wall of the stomach ; a short intestine passes upwards and backwards

between the heart and the abdominal viscera, and terminates in the anus (Plate I.

fig. 4, o) on a little prominence above the latter organs, and below and between

two small anal lobes or leaflets (Plate I. fig. 4, p).

The lining membrane of the stomach and intestine is richly ciliated, but the

cilia increase both in size and activity as they approach the vent, around which

they may be very distinctly observed. The apparently undulatory movement
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produced by the consecutive action of the ciUa within the canal, proceeds in a

forward direction, though of course the current to which it gives rise takes an

opposite course.

As compared with the bulk of the animal, the liver (Plate I. fig. 4, f) is of small

size ; and its minute lobuli may be traced along the posterior wall of the short

intestine and stomach, and for some little distance farther, in front of the internal

organs of generation, which occupy the remainder of the visceral chamber.

The Mantle, Respiratory and Circulatory Systems.—In Atlanta, Carinaria^ and

Cardiapoda the mantle permanently envelopes the viscera, and, keeping pace with

the development of these organs, furnishes the materials of growth to the protect-

ing shell. The course of the intestine, and the position of the heart and respi-

ratory surface, all of which constantly preserve a definite relationship to each

other, exhibit, with reference to the extremities of the body, the usual arrangement

prevailing amongst the so-called praso-branchiate gasteropoda,—that is, the ali-

mentary canal being bent upon itself, the rectum passes forwards, and the anus

terminates it anteriorly ; the branchiae also lie in advance of the heart, through

which the circulation proceeds in a backward direction. In Firoloides., on the

contrar}'', the mantle is everted and thrown backwards ; and the parts above

mentioned being more or less iutimatel}^ connected with it, suffer a remarkable

change of position, which will be better understood when we have considered the

anatomy of the organs contained in the visceral nucleus. Thus, the free border

of the mantle is, as it were, turned inside out, and so very much constricted as to

circumscribe a small oval opening (Plate I. fig. 4, n) on the right side of the visceral

mass, and immediately in front of the rectum. This opening is surrounded by a

little sphincter muscle, Avhich is intersected by numerous radiating fibres, so that

ample provision is made for its contraction and dilatation, frequently observed

with a degree of rhythmical precision in very recent specimens.

I have never seen any branchial appendages, properly so called, in Firoloides^

although one would imagine, had such been present, that they would be still

more apparent in consequence of the eversion of the mantle. Apart from the

idea that the general surface of the body may be more or less subservient to

respiration, the position of the auricle of the heart points out the locality in which

we might expect to find the organs especially adapted to this function. It must

be observed, however, that immediately behind the heart, and above the anal

lobes, a richly ciliated space or fossa (Plate I. fig. 4, q), with a prominent margin, is

constantly present ; and I am inclined to think that the little clusters of spherical

cells, represented in Plate I. fig. 4, r, as occurring upon the pallial wall of the

pericardium, may possibly be concerned in respiration, and in some way asso-

ciated with the modification of the mantle above explained.

The heart, consisting of a single auricle and ventricle, rests upon the mantle-

chamber which lies between it and the rectum. The muscular fibres of the auricle
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(Plate I. fig. 4, s) divide and interlace with one another, leaving angular and irre-

gular spaces between them. They are not so clearly to be traced in the ventricle

(Plate I. fig. 4, t), the walls of which, nevertheless, seem to be somewhat thicker

than those of the auricle. A circular constriction marks the union of the two

chambers, and two valves guard the auriculo-ventricular opening. The base of

the aorta is slightly dilated and highly contractile, being furnished with valves

at its origin from the ventricle. It very soon gives rise to a large vessel which

passes downwards and backwards to supply the viscera; but the great podo-

cephalic division (Plate I. fig. 4, b) crosses over the alimentary tube from the left

to the right side, and, having formed a few flexures, runs forwards alongside the

oesophagus until it arrives a little in front of the pedal ganglia, where it curves

downwards to give rise to the pedal artery (Plate I. fig. 3, c), which opens directly

into the great ventral sinus at the root of the swimming-plate. From the origin

of the latter vessel the main trunk courses forwards as the buccal artery, and,

having reached the fundus of the tongue-sac, it is no further traceable.

Generatim System.—The external male organ lies on the right side of the

body near its posterior extremity, and consists of two portions, one of which is

of considerable length, terminating in a bulbous enlargement (Plate I. fig. 1, m),

but the other is short, with the orifice or terminal part usually inverted. The

follicles of the testicle converge to a duct, which exhibits a fusiform, though

twisted dilatation (Plate I. fig. 1, I) in its course, and which is, moreover, dis-

tinguished by its coating of black pigment cells ; but the duct does not appear to

reach the external organ, or, if it does in this case, nothing of the kind is dis-

coverable in the other genera of Heteropoda.

The female orifice (Plate 1. fig. 4, i) is situated immediately above the root of

the tail, and guarded on each side by a small laterally compressed leaf-like process,

somewhat larger than the anal lobes previously noticed. The oviduct (Plate I.

fig. 4, 1) is rather capacious, and once or twice doubled upon itself The ovarian

sacculi communicate with its inner extremity; and the impregnated ova, with

which the duct is sometimes found distended, may be observed in all stages of

yelk-cleavage, exhibiting further advancement as they approach the external

opening, from which a delicate nidamental chord with ova, in single or two al-

ternating series, may be frequently seen protruding (Plate I. fig. 6),

Atlanta (Lesueur).

As the remarks which I have to make on the anatomy of Atlanta have wide

reference to all the species of the genus, I shall defer the perplexing question of

specific determination to a future paper.

General Sketch of the Genus (Plate II. Fig. 1).

The shell of Atlanta is dextrally-spiral in the young state; but it subse-
VOL. XXIII. PART I. c
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quently becomes plan-orbicular, laterally compressed, and nearl}' symmetrical,

])earing a dorsal keel of variable depth, literally nothing more than a thin fold of

the shell itself, which thus presents a deep notch or slit at the corresponding

part of the outer lip.

The animal admits of complete retraction within its shell, and is furthermore

protected by a delicate oval operculum, with a large sinistrallt/sipiral median, and

subapical nucleus (Plate II. fig. 1).

The head of Atlanta is supported by a kind of neck, with which the proboscis

forms an angle more or less obtuse. The eyes are proportionately very large,

and fronted by small conical tentacula ; and all the parts of the foot are more

compact than in Firoloides. Thus, the part corresponding with the tail in the

latter genus is an obvious metapodium, bearing an operculum in the former.

The swimming-plate is relatively stronger, and the sucker-disc better defined.

The visceral mass also bears a larger proportion to the rest of the body.

More Particular Description of the Foot and Retractor Muscle.

The muscular fibres which fix Atlanta to the shell arise from a short oblique

line commencing near the nucleus, and extending some little distance outwards

and forwards on the upper or right wall of the tube. From this origin they pass

round the columellar wall, gradually diverging from one another as they approach

the mouth of the shell. Here they commence to blend with the proper muscular

fibres of the foot, but more especially with those of the operculigerous lobe. This

lobe forms the posterior part of the foot, from the inferior surface of the base of

which the vertical fin bearing the sucker-disc springs. Thus the foot altogether

may be said to consist of three distinct portions—viz., the swimming-fin (Plate II.

fig. 1, j) in front, the operculigerous lobe (Plate II. fig. 1, 0) behind, and the sucker-

disc (Plate II. fig. 1, k), holding an intermediate position. These structures are

mainly composed of a basis of muscular and areolar tissue, overlaid with common

integument. The muscular fibres are disposed in ribbed bundles at the central

parts requiring the greatest support, and cross one another diagonally over the

general surface, so that mobility in every direction is amply provided for; but as all

the parts of the foot lie in one vertical plane, corresponding with that of the shell,

all the lateral movements of the animal are necessarily the more vigorous.

The fin-shaped swimming-plate supports the mesopodium or sucker-disc on its

posterior border near the base. The latter disc is divided by a longitudinal

depression into two lateral lips or lobes, which meet together when the organ is

contracted ; but w^ien it is fully expanded and brought into action, after the

manner of its homologue, the creeping disc of the true gasteropod, it exhibits a

more circular form, and as I have particularly observed in the case of Oxygyrus.

o-lides over any resisting surface with imperceptible undulations. Into its central

or concave part a muscular fasciculus, derived from the fibres of the great retrac-
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tor, is fixed, so as, probably, to assist in forming a vacuum when the animal is

entirely supported by this small disc ; and the epithelial cells on its outer surface

are frequently tinted with a yellowish, red, or purple pigment.

The metapodium bears the operculum (Plate II. fig. 1, A, and fig. 1'.) on its

dorsal surface, and terminates in a point posteriorly. The inferior surface of this

curiously constructed tail-piece presents a median vertical fold or reel, which gra-

dually decreases in depth as it approaches the pointed extremity where it ends. On

either side of this fold is a little fossa, deepening in front, and passing some little

distance within the anterior margin. To this latter part is appended a small

moveable and valve-like process (Plate 11. fig. 1. <), whose use I have not yet dis-

covered ; but it is probable that it has some office in directing the path of the

respiratory currents, when the animal is retracted into its shell ; and this view

is favoured by the fact that the floor of each fossa is richly ciliated, with the un-

dulations proceeding from behind forwards.

Organs of Sense and Nervous System.—The eyes (Plate II. fig. I, e), as above-

mentioned, are proportionately very large, and situated immediately above and in

front of the cerebroid ganglia, capped over by a portion of common integument,

which bulges out to enclose them. The outer and fore-part of this covering is

beautifully rounded, smooth, and transparent, so as to form a kind of external

cornea, lying directly over a brilliant spherical lens. Commencing at a zone cor-

responding with the limits of the cornea, the cell-pavement of the integument,

and the deeper muscular tissue, become more apparent; and in front of each

cornea, towards its inner side, is a conical and contractile tentaculum (Plate II.

fig. 1, c) of small size compared with that of the eye. The lens, which is com-

pressible to a certain extent, and invested with a capsule of homogeneous mem-
brane, lies in front of a cylindrical case, which is somewhat fuller at the inner

and posterior part, where the optic nerve expands into the retina, and all stray

luminous rays are absorbed by a dense coating of reddish-purple or black pigment

cells extending forwards to the lens, upon which it encroaches in an annular form

to about one-fourth of its diameter.

At the inner side of the base of each eye there is a small projection upon

which it rolls, obedient to the action of numerous small muscular bands that

spring from the borders of a kind of socket, and are inserted into the organ at

different points of its circumference. Thus the eyes enjoy a considerable range

of motion, quite independent of the outer covering ; and often, when the bright

lens rolls within the margin of the pigmentary coating, the singular appearance

of winking is produced. Both eyes generally move in concert, but each organ

enjoys its own intrinsic movements irrespective of the other.

The acoustic capsules (Plate 11. fig. 1, g), consisting of homogeneous membrane
with a ciliated lining, contain each a single vitreous-looking otolith, usually with

a small cavity in its centre, around which the successive deposit of concentric layers
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is distinctly apparent. In Firoloides, Firola, Cardiajjoda, and Carinaria, the

auditory nerves are of considerable length, so that the ear-sacs are, as it were,

appended to them ; but in Atlanta, which embraces more of the characters of the

true gasteropods, those sacs are closely applied to their proper ganglia.

The gullet and anterior or buccal division of the aorta pass through a nervous

collar consisting of four supra (Plate II. fig; 1. f), and two sub-oesophageal (Plate

II. fig. 1, i) (pedal) ganglia, connected by two lateral commissural chords, each of

which arises from the two superior ganglia of the corresponding side by distinct

slips. The two anterior cerebroids supply the short but stout optic nerves to the

eyes, while the acoustic sacs lie in the outer angle between these and the pos-

terior ganglia, having no connection whatever with the sub-oesophageal or pedal

nervous bodies.

The two principal nerves supplied to the buccal mass and mouth arise from

the anterior superior ganglia, pass forward on either side of the buccal artery,

and at some little distance behind the lingual cartilages divide into a superior

and inferior branch, and thus, communicating also with the buccal ganglia, are

equally distributed to the muscular and other structures in this locality.

The pedal ganglia give off branches to the several parts of the foot, and to the

muscular sheath of the body, and two stout commissural nerve-trunks arise from

their posterior border and join the visceral ganglia, which preside over the heart's

action and the functions of the neighbouring organs and parts. As there is much
difficulty in tracing out the filaments derived from those ganglia in Atlanta, their

homologues in Firoloides may be studied with advantage.

Digestive System.—Although the cylindroid proboscis exhibits great pliancy in

itself, the range of its movements is nmch augmented by the mobility of the

neck. Destitute of labial teeth, the lining membrane of the mouth is prolonged

into the fauces and oesophagus above and behind, being continuous with the lining

of the tongue-sac inferiorly, blending with the borders of the dental ribbon, which

doubles over the fore-part of the supporting cartilages (Plate II. fig. 1, h), and thus

projects into the oral cavity. The cartilages just noticed form the basis of the

tongue, and consist of two principal pieces of an oblong figure, forming, by their

union along the mesial line, a grooved pully-like surface, over which the lingual

strap glides. In many gasteropods, a smaller piece of cartilage is articulated to

the posterior extremity of each of the principal ones, so as to admit of greater

mobility, and a certain amount of compression in the longitudinal direction; and

I have reason to believe that corresponding pieces exist in the framework of the

tongue of Atlanta. The cartilages are connected together and acted upon by trans-

verse and oblique slips of muscular fibres, and small bundles pass from the inner

surface of the tegumentary covering, to be inserted into them at different points.

The lingual strap, commencing by a small point beneath the anterior extremity

of the basal cartilages, at first passes a little forwards, then turns upwards and
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backwards, gradually increasing in breadth, and finally forms the floor of the

tubular tongue-sac.

The rachidian plates (Plate 11. fig. 5, g, fig. 8, o) are quadrilateral, and thicker

posteriorly than in front, so that the corresponding angles are much more clearly

defined. Each plate bears a single sharp conical tooth, arising directly from the

middle of the posterior border.

The anterior and internal part of the first series of pleural plates (Plate II. fig.

8, 1.) abuts upon the members of the rachis, and there is never a small tooth on the

inner side of the large terminal fang, though there is very generally a characteristic

minute spine-like tooth (Plate II. fig. 8, i") a little to the outer side of its base.

The two outer series of the pleurae (Plate II. fig. 8, 2, 3 ), as in all the other

Heteropods, consist of simple tenaculiform hooks, varying in relative length,

strength, and curvature, in the different species of the genus.

The configuration of the teeth, and the mode of action of the whole dental

apparatus, are adapted for seizing and transfixing living prey; indeed, all the

Heteropods are eminently carnivorous, and commonly bolt their victims whole.

I have taken a Firola, which I recognised by its dentition, from the stomach of

Carinaria. I also found a whole Eurybia impacted in the gullet of another speci-

men ; and it is not an uncommon thing to meet with one of its own kind in the

stomach oi Atlanta, although it more usually preys upon the smaller Pteropods,

Spiralis, or Creseis, for example.

From the so-called buccal mass (Plate II. fig. 1, h) a lengthy oesophagus courses

directly backwards, and having entered the base of the visceral chamber, it soon

opens into the anterior and inferior wall ofa simple sub-globular stomach (Plate II.

fig. 1, 7). This latter viscus lies a little below, and posterior to the heart (Plate

II. fig. 1, y), and from its upper and fore part, a short intestine (Plate II. fig. 1, x)

passes forwards above, and nearly parallel with, the oesophagus, and in close relation

to the heart, to end in the vent (Plate II. fig. 1, s), deeply within the mantle cavity.

The liver (Plate II. fig. 1, e)is a beautifully sacculated gland, of a pale-brown

tint, often mottled with amber, black and red, commencing by a small pointed ex-

tremity near the nucleus of the shell, and gradually increasing in bulk, until it

reaches near the posterior wall of the stomach, into which a single short and

stout biliary duct opens.

I may notice here a conspicuous glandular body, which appears to me to be a

renal organ (Plate II. fig. 1, u). This lies immediately above the rectum, and

between the latter and the auricle of the heart, and is made up of densely clustered,

minute, and rounded follicles, communicating freely with each other ; but I can-

not tell whether its very distinct oval outlet (u) opens into the heart, pericardium,

or into the cavity of the mantle. Between the apparent position of this orifice

and the arms there is a small prominence, bearing a well-defined pore (Plate 11.

fig. 1, t) that may communicate with it, or with an aquiferous system.

VOL. XXIII. PART I. D .
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The Mantle, Respiratory, and Circulatory Systems.—The free border of the

mantle (Plate II. fig. 1, n) is often beautifully fimbriated, and beset with cilia,

both stationary and vibratile ; and in the extended state, an angular fold of

it (Plate II. fig. 1, o) occupies the dorsal slit of the shell, and extends for some

little depth between the laminae at the base of the keel.

The branchiae consist of a variable number of clavate bodies (Plate II. fig. 1,

p), in single longitudinal series floating from the dorsal wall or roof of the mantle;

and to the left of these, but passing forwards more obliquely, there is a narrow,

strongly ciliated band (Plate II. fig. 1, q), in all probability in some way con-

nected with respiration, when the animal is retracted into its shell.

Large venous sinuses (Plate 11. fig. 1, r), distinctly observable between the

layers of the mantle, appear to convey the return blood from the gills to the auricle

of the heart (Plate II fig. i, w). The extent of this chamber is very much less

defined than that of the ventricle (Plate II. fig. 1, y), which communicates with

it by a large opening, guarded by a couple of valves. The muscular bundles of

the ventricular walls are also much stouter than those of the auricle, and form a

close interlacement, in the interstices of which the lining and investing mem-
branes seem to meet together.

The great vessel arises posteriorly from the apex of the ventricle, and forms a

short dilated axis (Plate II. fig. 1, a), from which two arterial trunks originate

;

one of these (Plate II. fig. 1, /5) passes backwards to supply the abdominal viscera,

while the other (Plate II. fig. 1, z) runs forwards beside the oesophagus and the

root of the swimming-plate, divides into the pedal and buccal arteries, in every

respect conformable with those already described in Firoloides.

Genei-ative System.—It is very remarkable that there is, as nearly as possible,

an equal distribution of males and females in the genus Firoloides, while the pro-

portion of males to females in Atlanta is so very great, as to render it difficult to

form a correct estimate. In my own experience, out of many hundreds of

Atlanta', I have only met with about twenty females.

The follicles of the testicle (Plate II. fig. 1, somewhat resemble those of the

liver, but they are at once distinguished by their lighter colour and the nature of

their contents, which usually present a finely granular basis, with fasciculated stria?

in the axis of every cavity and passage. The whole organ, though very similar in

shape, is much smaller than the liver, between which and the inner wall of the

shell-tube it lies. A stout vas deferens leads forwards from the base of the

gland, and soon forms a fusiform enlargement (Plate II. fig. 1, 8) coated Avith

black pigment ; and from the small fore-part of which the duct still passes for-

wards a little way, and then terminates in a leaf-like expansion (Plate II. fig. 1,

v), having a fine cellular structure in the space between the adductor-muscle

(Plate II. fig. 1, n) and the rectum (Plate II. fig. 1, x).

The external male organ is situated at the base of the neck, and may be
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represented as bifid, having an anterior part, conical and grooved, and a posterior

apparently glandular and trumpet-like segment (Plate II. fig. 1, m). I have

never been able to trace the vas deferens to this organ in any of the Heteropods

;

and having found the mantle-cavity full of spermatozoa in Carinaria, I am dis-

posed to think that the scheme must be similar to that which obtains amongst

ordinary gasteropods, when the penis is imperforate.

The ovary in the females is very similar to the testicle, both in shape and

position, but the contained ova at once decide the difference, and the large thick-

walled and convoluted oviduct, without the dark-coloured fusiform dilatation

characteristic of the male sperm-duct, still further settles the question of sex.

The aperture of the oviduct would appear to lie deep within the mantle. I could

discover no opening in the position occupied by the penis in the male, though I

have observed ova escape from beneath the margin of the mantle.*

The characters of the operculum are also significant,—viz., as to its general

form, the course of the lines of growth, the position, size, and appearance of the

nucleus, the muscular impressions, and its smooth or dotted surface.

Oxygyrus (Benson).

The genus Qccygyrus, established by Mr Benson, includes the Atlantce of

Rang, Kerandrien, and Lamanon, characterised by having an involute instead of

a spiral nucleus to the shell, greater fulness in the whorls, and a comparatively

small amount of calcareous matter as a component, particularly near the mouth

and in the keel (Plate II. fig. 3).

The most striking difference that I have noticed between the soft anatomy of

Atlanta and of Oxygyrus is that the testis is short and broad, lying at the base of

the liver in the latter case ; whereas it is much elongated in the former, extend-

ing far inwards between the liver and the columnellar wall of the shell.

The rachidian plates in all the Oxygyri, instead of a single dental process of

Atlanta,\)Q3iY three conical teeth on their posterior border; and these teeth are either

all large and nearly equal in appearance (Plate II. fig. 5, e), or the middle tooth

alone is well developed, while the lateral ones are rudimentary (Plate II. fig. 5, f).

The pleurse are essentially similar to those of Carinaria and Cardiapoda, pre-

sently to be described, the most important character in all being the presence

of a small conical, and often incurved tooth (Plate II. fig. 7, i'), on a little shoulder

* All the species of Atlanta present so close a general resemblance, that then* nice discrimina-

tion requires cai-eful examination and comparison. The keel may be more or less, or not at all inter-

posed between the peristome and the body whorl. It may be plain or wavy, though the shell never

exhibits this latter character, as it does in Carinaria. The spire, as to its prominence, depression,

evenness or obliquity, closeness or openness of its whoi-ls, smoothness, dotted surface, or linear mark-

ings, affords us characters which do not appear to have been hitherto sufficiently recognised. There

is, moreover, in colour, which one would naturally regard as being of little importance, a scarcely

ever failing peculiarity of species.
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at the inner side of the principal fang of the first or internal pleural series (Plate

II. fig. 7, i) ; whereas, if a smaller tooth is at all present in Atlanta, it is at a

corresponding distance to the outer side of the larger one (Plate II. fig. 8, i").

Firola (Lesueur).

T have only met with one species o^ Firola (Plate I. fig. 7), which appears to

he equally plentiful in the tropical parts of the two great oceans, Pacific and At-

lantic. It is, I believe, F. Lesueurii, and about two inches long, or nearly the

same size as Carinaria Gaudichaudi (Plate II. fig. 4). The body is elongated and

cylindrical, with a full and rounded cephalic region, a muzzle reminding one of

an elephant's trunk, and a laterally compressed rudder-like tail. The filamentous

appendage in my first specimens was either absent or accidentally broken off", and

the latter accident happened to the head of several examples of this species

taken in the West Indies. No tentacula, or even frontal processes, were at all

visible ; but the eyes were well developed, and appeared to make a nearer ap-

proach to the eyes of Carinaria and Cardiapoda than do those of Firoloides.

The acoustic capsules may be readily recognised by the brilliancy of the con-

tained otoliths, a little internal and posterior to the eyes; the auditory nerves being

about equal to the optic in length, but very much more slender (Plate I. fig. 8, g).

A fan-like foot (Plate I. fig. 7, g) springs from about the middle of the under

surface of the \)0(\y, the rudimentary mesopodium (Plate I. fig. 7, f) being situated

on the free margin of the organ, somewhat nearer its anterior than its posterior

extremity.

The visceral nucleus (Plate I. fig. 7, k) occupies a deep notch on the dorsal surface

of the body, near its hinder end, and is enveloped in a glistening fibrous coat, tinted

with a madder-brown pigment. It is rather small, as compared with the size of

the whole animal, but, being surmounted with distinct branchiae, one more indi-

cation is afforded of the propriety of placing Firola between Firoloides and Car-

diapoda ; and this conclusion is strengthened by the position occupied by the

sucker-disc of the foot, and also by the characters of the generative organs, which

indicate something intermediate between the two genera alluded to.

The comparison of the lingual dentition of Firoloides, Firola, and Cardiapoda,

will not only show how intimately they are related, but afford some assistance

in determining their relative position with regard to the other Heteropoda.

The rachidian plates of Firola (Plate I. fig. 9, o ; Plate II. figs. 5, 6) are quadri-

lateral in figure, but about three times broader than they are long; the dental points,

as in Firoloides, form a broad comb, with a stout central fang ; but the teeth gradu-

ally diminish in size towards the sides, and are so strongly marked, as compared

with those ofFiroloides, that it would be impossible to mistake the one for the other.

The first series of pleural plates very rarely exhibit a slight rudiment of the

small internal tooth so characteristic of Cardiapoda, Carinaria, and Ojcygyrus^
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but the two lateral uncini present only the relative character of being compara-

tively long and slender.

Cardiapoda (D'Orb.)

Looking upon Cardiapoda pedunculata, carinata, caudina, and placenta

(figured respectively in DOrl. Voy. Amer. Merid., t. 11, figs. 5, 3, and 4 ; and Voy.

la Bonite, t. 17, f. 11, 1-5), as probably the same species, I am at a loss to know
what I should call my species, which is evidently the same thing.

My first specimen, of which I immediately made a drawing (Plate I. fig. 10),

was obtained in the S.W. Pacific, and scarcely exceeded f inch in length. The

muzzle was much fuller and more cylindrical than that of Firoloides, and the

buccal mass equalled about one-third of its extent. The eyes were remarkably

broad, and closely resembled those of Carinaria and Oxygyrus. They were

fronted by simple conical tentacula. The auditory sacs were visible through the

stout integument at some little distance behind the eyes.

The muscular sheath of the body exhibited a close and even tissue round the

snout, head, and neck ; but, on approaching the position of the foot, it formed

itself into a number of longitudinal linear bundles, which passed, on the one

hand, into the pedicle of the viscera, and, on the other, into the tail.

The propodial foot (Plate I. fig. 10, g) crested the middle of the ventral sur-

face, and on its posterior border it bore the mesopodial disc (Plate I. fig. 1 0, h),

which was laterally bilobed, and more highly developed than it is either in Firo-

loides or Firola.

The tail {metapodium) was rather remarkable in its appearance. Thus, being

at first cylindrical, it soon exhibited a subterminal enlargement, from which again

it suddenly tapered into a lengthy filiform appendage (Plate I. fig. 10, k). The

enlargement just noticed was convex above, corresponding with the position of

the operculum in Atlanta and Oxygyrus, while its inferior surface was expanded

into a kind of disc, with a jagged, prominent ring-like border, densely coated

with black pigment (Plate I. fig. 10, i). The use of this organ is yet unknown
to me, but it appears to be homologous with the peculiar structure above de-

scribed, as occurring on the under surface of the metapodium of Atlanta.

The whole extent of the visceral nucleus, shell, keel, and all, scarcely equalled

the expansion of the foot ; and the internal organs in general were so invested

with pigmentary matter that the heart (Plate 1. fig. 10, m) was the only one

distinctly apparent at a cursory glance.

Numerous branches (Plate I. fig. 10, n), with a plain external surface and a

zig-zag internal fold, protruded from beneath the dorsal lip of the shell, which

was semicartilaginous, shallow, or scoop-shaped, with an involute nucleus, and

a deep but very thin and delicate keel.

The external male organ (Plate 1. fig. 10, o) resembled that of Carinaria, con-
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sisting of an interior grooved, and a posterior glandular portion,—the latter

being homologous with the trailing bulb of Firoloides^ and, I believe, also with

the trumpet-like segment of Atlanta.

The rachidian plates of Carcliapoda (Plate I. fig. 11, o ; Plate II. fig. 5, c), are

broad and slightly concave in front, but rather more so behind, with the angles

obtuse in front, and sharp and incurved posteriorly. The dental processes are

only three in number,—the central one being large and broadly conical, and the

lateral ones very small.

The little tooth on the inner side of the principal fang of the first pleural

series is distinctly developed, but the uncini do not appear to differ in any essen-

tial particular from those of Firola.

Carinaria Gaudichaudi (Plate II. Figure 4.)

This species I found to have as wide a range as the Firoht and Firoloides

previously described. Its length varies fi-om 1^ to 2 inches, and altogether it

looks like an Atlanta whose head and body had much outgrown the capacity of

its shell. On comparing the shells of the two genera, the}-^ will be found to

resemble one another in several particulars. Thus, they are both dextrally-

spiral, with a distinct umbilicus in the axis of the spire, and a prominent keel

on the dorsal border of the whorls ; but both shell and keel in CarinaHa are

beautifully crimped transversely, and the last whorl increases very rapidly in

keeping with the development of the animal, so that the mouth of the full grown

shell is widely separated from its spiral nucleus.

The body is pellucid and colourless, but slightly, or not at all, tuberculated.

The inner surface of the integument, however, is studded at pretty equal dis-

tances with little clusters of cells like those of Firoloides. M. Rang believed

that a tuberculated epidermis was always present in Carinaria, fonning a distin-

guishing feature between it and Firola, in which, according to him, the outer

integument is always smooth (?) He makes allusion evidently to the little

clusters of cells above noticed as the representatives in Firola of the tubercu-

lations of Carinaria.

The proboscis is abruptly truncated at its extremity, and very variable as to

its length and fulness. The eyes are fronted by small tentacula, and the acoustic

sacs, as in Cardiapoda, ho.., are appended to long and delicate auditory nerves.

The ciliated lining of the sacs in this species I have been enabled to observe more

distinctly than in any of the other Heteropods described above.

The abdominal fin is fan-shaped, with a thin transparent margin ; and the

sucker-disc is represented by a little cup-like dilamination of its posterior border.

The tail, or metapodium, is laterally compressed, and tapers to a point, without

supporting an obvious rudder-fin, like that commonly given in figures of Carin-

aria mediterranea.
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The visceral mass under protection of the shell is elevated, as it were, upon a

short pedicle springing from the dorsal region, at a point considerably posterior

to the swimming-fin.

A row of reddish-tinted branchiae protrude beyond the mantle margin, and, as

in CardiaiJoda, the heart and intestine are distinctly visible through the shell

(Plate II. fig. M, b, d).

The rachidian plates of Carinaria (Plate II. fig. 5, d, and fig. 6, o) are not

unlike those of Cardiapoda, but the dental processes in each are perfectly char-

acteristic. Thus, Carinaria is distinguished by three large subequal teeth,

flanked on each side by a rudimentary tubercle.

The small internal tooth of the first pleural series is more highly developed

in Carinaria than in Oxygyrus ; and all the members of the pleurae (Plate II. fig.

6, 1, 2, 3.), are much stouter in the former than in the latter genus, though they

are somewhat exceeded in this respect by those of Cai^diapoda (Plate I. fig. 11,

1, 2, 3.)

REFERENCES TO THE FIGURES.

PLATE I.

Fig. 1. Firoloides.

a. Tentacula.

6. Eyes.

c. Auditory sac.

d. Buccal mass.

e. CEsophagus.

/. Sucker-disc.

g. Swimming fin.

h. Pedal ganglia.

i. Heart.

k. Rectum.

I. Vas deferens.

m. Bulbous portion of the

penis.

n. Caudal appendage.

Fig. 2. Head and Muzzle o/ Firoloides.

a. Mouth.
b. Lingual sac.

c. Salivary glands.

d. Buccal ganglia.

e. Buccal artery.

/. Buccal nerves.

g. CEsophagus.

/}. Optic nerves.

i. Cerebroid ganglia.

k. Tentacles.

I. Eyes.

m. Auditory sacs.

n. Nerve trunks connect-

ing i with the pedal

ganglia.

0. Muscular sheath.

Fig. 3. Pedal Ganglia and Great Vessels

of Firoloides.

a. Pedal ganglia blended

together by their con-

tiguous surfaces, and
giving off nerves to

the foot and neigh-

bouring parts.

6, Anterior division of

aorta.

c. Pedal artery.

d. Buccal artery.

Fig. 4. Visceral Mass, Sfc,

a. Great nerve supplying

branches to the tail,

and connecting the I

pedal with the vis-

ceral ganglia.

b. Anterior division of

the aorta.

c. (Esophagus.

d. Cardiac ganglion 1 p
e. Principal visceral gan-

glion, sending a con-

spicuous nerve to

the mouth and its

sphincter muscle.

/. Liver.

g. Metapodium.
A. Caudal appendage. s.

i. Vagina. t

k. Small leaflets or lobes u

o/" Firoloides (female).

on the sides of the 5
opening.

, Oviduct.

, Flexure of I. t

Oval opening of the

mouth.

Anal aperture in front

of a ciliated papilla.

,
And between, two little

leaflets like k.

Ciliated elevation, with

depressed centre, pro-

bably a respiratory

organ.

Little clusters of cells,

noticed at p. 8.

Auricle of the heart.

Ventricle.

Muscular sheath.

Fig. 5. Lingual Dentition of Firoloides.

0. Rachis.
|

1-3. Pleuras.

Fig. 6. Nidamental Chord q/" Firoloides.

Fig. 7. Firola {considerably enlarged).

a. Buccal mass.

b. (Esophagus.

c. Eye.

d. Auditory sac.

e. Pedal ganglia.

/ Mesopodium.

g. Swimming- fin

h. Penis.

i. Branchiae.

k. Visceral mass.

I. Metapodium.
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Fig. 8. Brain and Organs of Sense of Firola.

a.Uppercerebroids, send-

ing off anterior and

posterior branches.

b. Lower cerebroids, giv-

ing off motor nerves

to the eyes.

c. Buccal nerves.

d. Motor nerve of the

eve.

e. Optic nerves.

/, Trunks communicat-

ing with the pedal

ganglia.

g. Auditory nerve.

h. Acoustic sacs.

i. Lens.

k. Body of the eye.

I. Retina.

Fig. 9. Lingual Dentition of Firola Lesueuri.

0. Rachis. |
1-3. Pleurae.

Fig. 10.

a. Buccal mass.

b. (Esophagus.

c. Tentacula.

d. Eyes.

e. Ear-sacs.

/. Pedal ganglia.

g. Swimming-plate.
h. Sucker-disc.

Fie. 11.

Cardiapoda in motion.

i. Curious structure no-

ticed at p. 17.

k. Caudal process.

I. Visceral mass.

m. Heart.

n. Branchiae.

0. Penis.

Lingual Dentition of Cardiapoda.

0. Rachis.
|

1' Small inner tooth of
1-3. Pleurae.

I first pleural series.

PLATE n.

Fig. 1. Atlanta.

a. Mouth.
6. Buccal mass.

c. Tentacula.

d. Tentacular (?) tuber-

cle at the inner and
fore part of the

eye.

e. Eyes.

/. Cerebroid ganglia.

g. Ear-sac.

h. Salivary glands.

i. Pedal ganglia.

j. Propodium.

k. Mesopodium.
I. (Esophagus.

m. Penis,

n. Mouth margin.

0. Carinal fold of n.

p. Branchiae.

<^. Ciliated line.

r. Venous sinuses.

s. Vent.

t. Aquiferous pore \

u. Glandular organ, pro-

bably renal.

V. E.xpanded orifice of

the sperm-duct.

w. Auricle of the heart.

X. Intestine.

y. Ventricle.

z. Anterior division of

aorta.

a. Aortic axis.

jS. Visceral artery.

J. Stomach.

h. Dilatation of sperm-

duct.

£. Liver.

^. Testicle.

?j. Origin of retractor

muscle.

6. Metapodium.

/. Tongue-like process.

X. Fossa.

X. Operculum.

/A. Vertical fold.

Fig. 1'. Operculum of 1, magnified.

a. Buccal mass
muzzle.

b. Tentacula.

c. Eyes.

Fig. 2. Oxygyrus.

and
I

d. Propodium.

e. Mesopodium.

/. Metapodium.

g. Operculum.

Fig. 2'. Operculum of 2, magnified.

Fig. 3. Oxygyrus, n. s.

References as in Fig. 2.

Fig. 4. Carinaria

a. Buccal mass.

b. Tentacula.

c. Eyes.

d. Ear-sacs.

e. Impacted food in the

gullet.

/. Pedal ganglia.

g, Propodium.
h. Mesopodium.
i. Metapodium.

k. Penis.

I. Branchise.

m. Visceral mass.

Fig. 4'. Shell and Viscera magnified.

a. Gullet.
I

c. Branchise.

b. Rectum.
I d. Heart.

Fig. 6. The Bachidian Plates characteristic of the

genera of Heteropoda.

a. Firoloides. e and /. Two divisions of

6. Firola Oxygyrus, probably

c. Cardiapoda. distinct genera.

d. Carinaria. g. Atlanta.

Fig. 6. Lingual Dentition of Carinaria.

Fig. 7. Do. do. Cardiapoda.

Fig. 8. Do.

0. Rachis

1-3. Pleurae.

1'. Tooth common to Car-

do. Atlanta.

diapoda, Carinaria,

and Oxygyrus.
1". Tooth characteristic of

Atlanta.
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11.

—

Investigation of an Expj^ession for the Mean Temfperature of a Stratum of

Soil, in Terms of the Time of Year. By Joseph D. Everett, M.A., Professor

of Mathematics, he, in King's College, Windsor, Nova Scotia.*

(Read 3d February 1862).

1. It is a well-known property of simple harmonic functions, that the sum of

any tAvo or more of them having the same period, is itself a simple harmonic

function having the same period as its components. The same thing must be

true of their mean, since this is equal to the sum divided by a constant ; and

it will still be true when the number of components is indefinitely great, and the

mean becomes an integral.

2. Let V denote a variation of temperature which is a simple harmonic func-

tion of the time t, so that

v—K sin («i + E),

where t is expressed in arc at the rate of an entire circumference to the year. The

mean value of v for any assumed interval of time will be

/V dt

taken between limits corresponding to the beginning and end of the interval.

Performing the operations indicated, it will be found that the expression for the

mean temperature of an interval equal to the —th part of a year, t being the

time for the centre of the interval, is

. n'nr
Sin

—

A sm(nf + E).

m

3. If v in last section represent a variation of temperature at depth x, below

the surface of the ground, then, by the theory of underground conduction, A and

E are functions of x. Hence the mean value v at time t for a stratum of soil

will be

/V dx

fddx

taken between limits, corresponding to the top and bottom of the stratum. The

* See article by the Author, in the Edinburgh New Phil. Journal, vol. xvi., 1861.
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soil is here supposed to be uniform as regards its thermal qualities ; and its sur-

face, as also the bounding planes of the stratum, horizontal.

4. We propose to effect the integration above indicated, and deduce convenient

formukic for the coefficients in the expression, for the mean temperature of a

stratum in terms of the time. The data to be supplied by observation are the

temperatures at all times of the year, at two arbitrarily assumed depths. The

observed temperatures must be reduced to harmonic expressions (one for each

depth), and from these it is easy to deduce the harmonic expression for the

temperature at any third depth. We may therefore assume that the harmonic

expression for the temperature at the centre of the stratum is known ; and we shall

find it convenient to compare the amplitudes and epochs in this expression with

those in the expression for the mean temperature of the stratum. Let the

former expression be

?;=Ao + A^ sin(f + Ej) + A2 sin (2f + Eg) + &c.

and the latter

V= A(, + mj Aj sin {t + E^ + Uj) + m^ A^ sin {2t + Eg + a^) + &c.

We have to find the values of the constants lUi m.2, &c., which express the ratios

of the amplitudes in the two series, and of a^ a^, &.C., which expresses the differ-

ences of epoch.

5. By the theory of underground conduction, the temperature at depth x

below the centre of the stratum will be

i;= Ao + A,e ' ^'
. sin (t + E^^xJ'^^j

-a-V-j- / 2'!rc \
+ A^e "

. smlit + E^-x^-^ j +&e.

the general term being

+ A„e ^
. smrnf + t.„ — x J—r-l

e denoting the base of Napierian logarithms, tt the ratio of circumference to

diameter, k the conductivity of the soil referred to unit volume, and c the capacity

for heat similarly referred.

6. We will first suppose that the expression for the temperature at the centre

of the stratum is simply
V= sin t.

Then we shall have

v= e . sm[t-x^ljj

and if ^ be the thickness of the stratum, the mean temperature at time t will be

If'
V dx
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taken between -^^ and +2^-

Now / vdx =/e ^ sin ( t-xj"^ \ dx

2^/f

and using 2; to denote 9 I ^ p we shall obtain as the value of
^ J vdx between

the given limits, the expression

V= j-(e^ + e
I
sin 2 (sin ^ + cos i()

+ — ( e^— e 1 cos z (cos t + sin if)

Putting

ye-\-e | sin 2i=P . ( e —e \ cos s= Q,

we have

a simple harmonic function of t, which can be reduced to the form

V=m . sin {t + a)

by making

*^^ 6+
") =1 ^^^ ^=2^2 •

^^"^^ =2^ • Q ^^K^ ")
•

7. The values of m and a can be found by the formulae of last section ; but

more convenient formulae when z is small are obtained by developing in ascending

powers of z. For the value of m we have

w2=ig(F + Q2)=^(/%e~'_2cos2s)

1 /, (2g)2 (2zf , \ 1 /, (2zf (2s)4 . \

222^^1-2 |6 ^ jlO ^^7

=1-^I/-^11T75^'-*-^^-
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a series which converges with extraordinary rapidity, and may be used even for

large values of z. Extracting the square root, we have

45 56/0

8. For the value of the acceleration a we have

P (c+e J. sin 2

tan
' '^

• ^ - - ^

cos z

Now, the first factor of the numerator is obviously greater than the first factor of

the denominator, and it may be shown" that the second factor of the numerator

exceeds the second factor of the denominator by the quantity,

—

2^ 2* 2® 2* „

which is positive for all values of z not greater than unity. Hence, for all such

values of ^, tan (t + «) is greater than unity, and therefore a is positive ; that

is to say, the phases of temperature are earlier for the mean than for the centre

of the stratum.

e^+ e
9. In the expression ——-^^ tan z^ the first factor is always finite and posi-

e —

e

tive for finite and positive values of z. Hence, when tan z is zero or infinity,

tan (I +
a

j is also zero or infinity. And we know from general considerations that

when 2;=0, a=0. Hence it may be shown, that when z is of the form ^, where

? is any integer (not including zero), ~ + a=z, or a=z— '^. For all other values of ^;,

z —

z

J
+ « will be unequal to z, since the factor ^^"^^_^ is never equal to unity.

e — e

10. We have hitherto been supposing the expression for the temperature at

the centre to be,

—

?;= sin t.

To render our results applicable to the general term

A sin (nt + E),

in the expression for the temperature at the centre (§ 3), and the corresponding

term
m A sin (nt +E + a)
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in the expression for the mean temperature, we have merely to substitute zs/n

for z, as will readily appear upon trial. Making this substitution, we have

e +e
J
sin 3V«, Q= ( e — e 1 cos 2\//i,

m=y(l+^wV+^jpjr^w*2« + &c.j . . (2.)

= l+4V^*-54^^*^^-^^^-'
• , • • • (^•)

zijn — z^Jn

tan ( T + a I = —
1

1— ' tan z>^n

e —6
(I-)

'izsjn — Iztjn

e +1. y 1 + e , , ,.
^

e —1 1—

e

— 'Izi^n

Assume tan^=e

then tan
I j + «| =tan ( j + ^

I
. tan aVa, . , . (5.)

— z/^n

Or assume tan p=e

then tan
(
J 4- a

J
= sec 2p . iaxi z^/n, .... (6.)

Also, from (§ 8.)

1 + ^nz"^ — gQ^^^2^— &c.

tan
'fir \ 3 3(

(i+")- 1 , 1' 1 — j^»22_

whence

= 1 + |?122 + |%V + &C. . . . (7.j

2 2
2«2^ + ^W-^Z* + &C

tan a —
2 2

2+^%g2+ ,i,v + &c.

= |ng2 + &c. (8.)

the next term being + :^^nh^.

A good approximation to the value of tn will generally be obtained by assuming

tan M— nz^sJ .-^
45

and putting m=sec. w.

11. From equations (3) and (8), we learn, that when nz- is small, the in-

VOL. XXIII. PART I. G
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crease of amplitude is nearly proportional to the fourth power, and the accelera-

tion to the square of z ; and z is by hypothesis proportional to the thickness of the

stratum being equal to half the thickness multiplied by /^. It is important

to ol)serve, that the values of in and a are entirely independent of the depth of the

stratum below the surface of the ground.

The approximate values of m and tan a are

—

m = 1 + -r-.y?z^. tan a = -_»2^

;

45 6

whence also, approximately,*

log, m = ^ ?i2g4J.
45'

a^-^Z"

These two last expressions are useful in estimating the corrections due to length

of bulb, in the reduction of observations made with underground thermometers.

Both the corrections are to be applied subtractively, the former to Napierian

logarithm of amplitude, and the latter to epoch in circular measure.

12. At Calton Hill, Edinburgh, where underground temperatures have been

observed, the value of ^^ is 1156, the unit of measure employed being the

French foot ; hence for a stratum 2 French feet thick 2;= -1150, and for a stratum

1 French foot thick ;r=0578. The corresponding values of log^ m and a for the

annual and half-yearly terms are given below :

—

Annual term, 2 feet stratum,

1

Half-yearly term, 2

1

Loge m.

•00000397
•00000025
•0000159
0000010

a in Circular

Measure.

•00445

•00111

•00891

•00223

13. For strata 24 and 12 French feet thick, the values of m and a are as

under :

—

Values of m. Values of a

.

Annual Term. Half-yearly Term. Annual Term. Half-yearly Term.

24 feet Stratum, . .

12 feet Stratum, . .

1-08005

1-0051

1-2999

10204

35 42

9 10

2°3 23

18 14

* More nearly,
log, m ^ _ 0,2^4

45
nrz- ,,4,8

4725

8 ,1 2a=—m
3 2835
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The annual term in the expression for the temperature at the depth of 12 feet in

the same locality, as derived from direct observation, is

—

2-31 siii(^+l79n5')

Hence the annual term in the expression for the mean temperature of the first

24 feet will be

—

2-31 X 1-08 sin {t + 179° 15' + 35° 42')

= 2-50 sin (i;+ 214° 57').

14. To correct for difference between temperature of bulb and that of stem,

the following method may be adopted :

—

Let the observed temperatures be represented by the expression

V= A(, + Pj cos < + Qi sin t + Pg cos 2t + Qg sin 2t,

and the mean temperature of the stem by the expression

v=-aQ+p^ cos t + q^ sin l + 'P2 cos2^ + g2 sin 2^.

Then if r denote the ratio of the capacity of the stem to that of the bulb, and U
the corrected value of V,

we have U + rt;=(l + r) V, or U=V + r (V-i;).

Hence the correction for A is .... 7(Ao-ao)

Pi is ... . r(Pj-pi)

Qiis . . . • ''(Q,-gi)

and so on for the other terms.

A different mode of correction is described in Principal Forbes's paper, " Ac-

count of some Experiments on the Temperature of the Earth," &c.. Trans. Roy.

Soc. Edin., Vol. XVI. Part II.

15. For the theory of underground conduction, and the use of harmonic

functions in connection therewith, reference may be made to two papers on

" Underground Temperature," by Professor W. Thomson and the Author,

Trans. Roy. Soc. Edin. ,Vol. XXII. Part II. (April 1860).
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III.— On a Difficulty in the Theory of Rain. By James Dalmahoy, Esq.

(Read 7th April 1862.)

Nearly a hundred years ago,* Dr Heberden of London made the following

experiment :—Having prepared three exactly similar rain-gauges, he placed one

of them on the roof of Westminster Abbey, another on the roof of a neighbouring

house, but at a much lower level, and the third in the garden of the same house.

At the end of twelve months he found that the gauge on the roof of the Abbey

had received 12099 inches of rain, the gauge on the neighbouring house-top

18-139 inches, and the gauge on the ground 22*608 inches.

This paradoxical result required, of course, to be confirmed by other observers,

and in other localities ; and the similar results obtained by Dobson, Dalton,

Howard, and especially by Arago at the Paris Observatory, and by Phillips at

York, have amply supplied all that Avas wanting in this respect.

It may be noted in passing, as a curious fact, that in Dr James Hutton's

" Theory of Rain" there is no allusion to Dr Heberden's observations, though

these were published in the "Philosophical Transactions"! fourteen years before

Dr Hutton's Theory was read to the Royal Society of Edinburgh. J

Of the attempts which have been made to reconcile Dr Heberden's observa-

tions with facts and principles already established, that of Dr Franklin is the

most plausible, and it has been very generally accepted as the true explanation.

At first sight, indeed, it seems capable of explaining every difficulty ; and it is

only when more carefully examined, and especially when tested quantitatively

by actual results, that its inadequacy becomes apparent.

As, however, many may be disposed to question this conclusion, I am glad to

be able to rest the proof of it on the following quotation from Sir John Herschel's

treatise on Meteorology. §

Having alluded to the fact that, during the year 1838-34, the quantity of

rain received on the top of York Minster, at the height of 213 feet, bore to that

received on the neighbouring ground the ratio of 1 : 1-706, the learned author

proceeds as follows :
—" The usual account given of this phenomenon (Koemtz)

is, that rain falling from a high level, and therefore colder than air at the surface

of the ground, arriving in an atmosphere nearly or quite saturated with moisture,

condenses on itself, or causes the condensation, in the chilled air, of an additional

* 1766-67. t 17J0. + 1784.

§ Encyclopsedia Britannica, 8th edition, article Meteorologi/, par. 109.
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quantity of vapour. But it is evident that this cause, though not uninfluential,

is totally inadequate to account for so great a difference. Admitting a given

weight of rain to arrive at 213 feet from the ground, with the temperature of

the region at which it was formed unaltered, and supposing it to acquire, in the

remaining 213 feet, the full temperature of the air (both of them extreme and even

extravagant suppositions), admitting, too (though hardly less extravagant), the

mean height of the formation of rain to be 12,000 feet, it would bring down with

it a cold of 40° Fahr., which would condense (whether on the drops or in satu-

40 1
rated air, if diffused through it) only ^^^

= ^ 7 = 0-42 of its weight, = one-seven-

teenth of the quantity to be accounted for."

Although this demonstration does not really admit of being strengthened, yet,

as showing how a similar conclusion was reached in a different manner, I beg to

refer to a short paper in the 20th volume of the " Transactions of the Royal

Society of Edinburgh," entitled, " On the Weight of Aqueous Vapour which is

Condensed on a Cold Surface under given conditions," in which I have endea-

voured to prove experimentally that, taking the observations at York during the

three winter months of the years 1832-33, 1833-34, 1834-35, the increment

which the rain received in falling between the level of the top of the Museum
and the ground, a height of 44 feet, was above GOO times greater than it would

have been if the condensation of aqueous vapour by cold had been the only cause

in operation.

For these reasons, therefore, it seems necessary to reject this explanation,

though one of such likelihood as to have suggested itself, independently, to Dr

Franklix, M. Boisgiraud, and Professor Phillips.

The eminent meteorologist Luke Howard proposed* an explanation which,

however, seems to differ from the one just considered chiefly in that it supposes

the cold, on which the condensation of vapour depends, to originate, in some unex-

plained way, in the atmosphere itself, instead of being brought down by the rain

from the upper regions.

There is another mode of accounting for the diflBculty under consideration,

which has been advocated by Mr JevonsI and other writers. | According to this

theory, the deficiency of rain in the upper gauge is produced by wind—the gauge

itself, or the building on which it stands, giving rise to eddies which partially

obstruct the entrance of the rain into the mouth of the gauge.

That wind may affect the indications of a rain-gauge, has been proved by the

interesting experiments of Professor A. D. Bache of Philadelphia.^ Having

placed gauges at the four angles of a high square tower, at a height of ten inches

* Report of British Association for 1834, p. 563.

f Philosophical Magazine for December 1861, p. 421.

J Dr Stark in Transactions of the Royal Scottish Society of Arts, vol. v. p. 66.

§ Report of British Association for 1838, Transactions of the Sections, p. 25.
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above the parapet, he found that the gauges at the lee side of the tower received

more rain than those at the windward side ; but that, the same arrangement con-

tinuing, when gauges were also placed on poles at the height of six feet above the

parapet, there was observed scarcely any difference between their indications.

The bearing which these results have on the present question will afterwards

be noticed ; but neither these, nor any similar facts which writers have adduced,

seem to meet the special difficulty to be explained—namely, that of three gauges,

at three different levels, and each variously placed as respects surrounding objects,

the lowest gauge always receives more rain than the middle one, and the middle

gauge more than the upper one.

But that which seems an unanswerable objection to this mode of explanation.

is the fact that, when the upper and lower gauges have been inspected after a

perfect calm, and when the rain fell perpendicularly, the upper gauge was still

found to contain less rain than the lower one. This fact is recorded very ex-

pressly by Arago,* and also by Phillips.!

While, therefore, it is denied, for the reasons now adduced, that the difficulty

under discussion can be accounted for by the effect of wind, it is not disputed that,

under certain circumstances, wind does modify the indications of a rain-gauge.

Sir John Herschel concludes his notice of the attempts which have been made

to account for the phenomenon, in these words :+
—

" The real cause is yet to seek,

and there is no more interesting problem which can fix the attention of the meteor-

ologist. Visible cloud rests on the soil at low altitudes above the sea-level but

rarely, and from such cloud only would it seem possible that so large an accession

of rain should arise."

I was first led to think of this puzzling question a good many years ago,

and the result of my repeated attempts to find a solution of it is contained in the

following hypothesis, which, in spite of its many defects, I venture humbly to

submit to the consideration of those who take an interest in meteorology.

The hypothesis begins by taking for granted the truth of Dr Hutton's

"Theory of Rain."§ It assumes that the spherules of water composing the

clouds from which rain proceeds are, at their first formation, so small, that the

terminal velocity of their descent is almost insensible. It further assumes that

these minute globules coalesce, at innumerable points, into drops of sensible

magnitude, and fall in the shape of rain ; while portions of the cloud, which do

not thus coalesce, are floated downward in a current of air, and fill the whole

space between the clouds and the earth with minute particles of water.

This medium, consisting of cloud carded out, as it were, by the downward

* (Euvres, tome xii. pp. 409, 416.

I Report of British Association for 1833. See Transactions of Sections, pp. 403, 404.

Report for 1834, p. 561.

J Article Meteorology, par. 109.

§ Transactions of Royal Society of Edinburgh, vol. i. p. 41.
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current of air, and dispersed thi'ough a very large space, is assumed to be so rare

as not to affect the transparency of the atmosphere ; and it is the constant float-

ing down of this medium in a current of air which, according to the hypothesis,

is the principal and almost sole cause of the phenomenon to be accounted for.

But it will be necessary, at this point, to answer a question which may
naturally be anticipated,—namely, whether there be any proof, from theory or

observation, that rain is actually accompanied by a downward current of air

and floating moisture.

Theoretically, two causes may be assigned for such a current. The

first is the continual displacement of the air by the downward motion of the

drops of rain ; for, the effect of bodies in rapid motion to draw after them any

light matter in their neighbourhood, such as air or smoke, is familiar to every-

body ; and that the drops of rain should have this effect will not seem impro-

bable, when it is remembered that the largest of them may attain a velocity of

nearly 400 inches per second.

The second cause of the downward current of air which theory suggests, is

the cold which rain brings with it from the upper regions. This must render the

air inside the limits within which the rain is falling heavier than the air outside

those limits, and thus co-operate, in an obvious way, with the former cause.

But in order to prove that theory is in this case borne out by observation, I

adduce the two following quotations from writers of unquestionable authority.

Professor Phillips, in his first Report* on the observations at York, makes

the following remark :
—" I have noticed in several instances the fact, that the

wind which accompanies the fall of rain takes the line of the rain-drops them-

selves ; and on the Minster, in particular, this was very strikingly illustrated

when, with my friends Mr Jonathan Gray and Mr William Gray, junior, I

watched the progress of a storm for thirty miles down the vale of York. The wind

was insensible, except during the fall of rain, and then it came downward with

the drops."

This testimony establishes the fact, that rain is sometimes observed to be

accompanied by a downward current of air so strong as to ]]e described as a
" wind." It also records two other facts, which have a bearing on the hypothesis;

the first of these is, that on the occasion on which the downward wind particu-

larly attracted notice, the observers were not standing on the ground, but on the

top of the Minster, at the height of 213 feet ; and the second fact is, that the rain

and downward wind began and ceased simultaneously, which affords a strong

presumption in favour of their being connected as cause and effect.

The other quotation which I have to adduce is from Emerson Tennent's

" Ceylon,"f and is as follows :
—

" The first fall of rain was preceded by a down-

* Report of British Association for 1833, p. 404. f Vol. i. p. 69.
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ward blast of cold air, accompanied by hailstones, which outstript the rain in its

descent."

In this case the coldness of the hailstones and the velocity of their fall pro-

duced so rapid a current as to be described as a " downward blast ;" and it is

probably only when the hail or rain falls with unusual violence, as in this case,

that the vertical direction of the wind is perceptible to an observer at the level of

the ground.

But if, for the reasons which have been adduced, it be granted that rain is

always accompanied by a downward current of air, of greater or less velocity, it

seems necessarily to follow that this current, originating, as it must do, in the

very region of cloud, will descend charged with minute particles of water.

Having thus proved, as I hope, both by theory and observation, that rain is

accompanied by a downward current of air, mingled with minute globules of

water, I shall now endeavour to explain the twofold agency of such a current, in

causing the indications of equal rain-gauges to vary with their height above

ground.

The first and most obvious way in which the downward current produces this

effect, is by filling the entire space through which the rain falls with a constantly

renewed supply of very minute globules of water. The rain- drops must, of course,

absorb as much of this watery medium as they come in contact with, each drop

growing in size during the whole time of its descent ; and the necessary result

must be, that if two equal gauges receive each an equal number of rain-drops, the

gauge nearest the ground will indicate the most rain.

But, with reference to the process thus described, it will naturally be asked,

what becomes of the multitude of minute globules of water which are not absorbed

by the rain-drops ? The answer to this will, it is hoped, be found in the follow-

ing explanation of the second and less obvious way in which the downward cur-

rent affects the indications of rain-gauges placed at unequal heights above the

ground.

Taking for granted, then, that during rain a slow current of air carrying minute

globules of water is continually descending from the region of cloud, I now assume
that these minute globules of water, in the course of their descent, often come
into contact with one another, and coalesce into drops of sensible magnitude ; and
this again leads to the inference that globules which, at a higher level, descended

chiefly by participating in the motion of the downward current of air, acquire,

after their coalescence, a velocity and momentum which enable them not only

to outstrip the current, but also to resist being carried out of their downward
direction by any lateral motion which may happen to be impressed upon the

current.

This process of coalescence, it is conceived, becomes more and more rapid as

the resistance of the ground begins to tell on the velocity and downward direc-
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tion of the current ; and, judging from facts of observation, it seems to be at some

point less than 40 feet from the ground that a great and sudden coalescence of

the small globules of water takes place,—the effect, probably, of the current being

first retarded and then forced into a lateral direction, and of the irregular

mingling together of the particles of water to which this gives rise.

The hypothesis next assumes as true the following important proposition,

—

namely, that while a rain-gauge, placed at some height above the ground, receives

all drops having a sensible magnitude, it receives none of those globules which

are so minute that the velocity of their descent, though partly the effect of

gravity, is chiefly due to the motion of the downward current of air on which

they float. These very minute globules, it assumes, are borne by the current

past the mouth of the gauge, and continue to descend until, by the coalescence of

a great number of them, a drop is formed large enough to fall into a lower gauge

if placed in its path.

This essential point of the hypothesis may be illustrated by what is observed

when wind blows through a room having two windows opposite to each other.

In such a case the leeward Avindow is no sooner closed, than the breeze, if gentle,

is scarcely felt within the room, though the other window remain open ; and the

obvious reason is, that the air inside the room, being now supported at all

points, resists the entrance of any more air by the open window. In a similar

manner, it is conceived, the slow downward current of air and floating mois-

ture fails, as the hypothesis assumes, to find entrance into the mouth of

a rain-gauge, and is forced to turn aside and to continue its descent towards the

ground.

But here the question may occur, what will be the result if this downward

current be combined with a current of wind at right angles to it ? One effect

doubtless will be, to accelerate that process of coalescence which, it has been

assumed, takes place among the minute globules of water in the downward

current. And this more rapid coalescence would evidently tend to increase the

indication of the upper rain-gauge, and thereby to equalise it with that of the

lower gauge, were it not that this tendency is more than counterbalanced by the

wind uniting with the downward current of air, to turn aside from the mouth of

the gauge, not only the very smallest of the globules of water, as during a calm,

but also the smaller of those globules which, under ordinary circumstances, would

have fallen into the gauge. It appears therefore that, as respects its ultimate

effect, the wind increases the difference between the indications of the upper and

lower rain-gauges, and this is in accordance with observation.

But besides the wind, which, it has been shown, increases the ordinary

effect of the downward current, there are a few causes which seem to lessen or

mask its influence. Thus, it is well known that, on some rare occasions, the

quantity of rain in the upper gauge equals, and even exceeds, the quantity in the
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lower gauge ; and one or two circumstances which might tend to produce such

an equality may be mentioned. If, for example, the upper gauge were placed

rather close to the top surface of a tower or building, and nearer to one side of it

than to the other, then, in accordance with Professor Bache's experiments, when

the wind blew from the direction of the more distant side, the indication of the

gauge might be expected to be greater than if the wind blew from the near side ;

and thus it would not be surprising if, in certain directions of the wind, the indi-

cation of the upper gauge became nearly or quite equal to that of the lower one.

Again, there are two other causes, opposite to each other in character, which, it

might be expected, would tend to equalise the indications of the upper and lower

gauges. The first of these is when the rain falls, more or less plentifully, but in

extremely small drops ; and the second is when the rain falls in large drops and

very copiously. In the former case, the very small terminal velocity of the drops

would give rise to a downward current of air so slow as scarcely at all to hinder

the entrance of the minute globules of water into the upper gauge, or accelerate

their coalescence into drops as they approached the ground ; and the ultimate

effect would be, a tendency to equalise the indications of the two gauges, by

allowing moi^e than the usual quantity of water to enter the u2Jj)er gauge. In

the latter case, again, the downward current of air might be so strong as to reach

the level of the ground, and this also would tend to equalise the indications of

the two gauges ; but, on this occasion, it would do so by allowing less than the

usual quantity of water to enter the lower gauge.

Having explained what I conceive to be the twofold agency of the downward

current in producing the paradoxical results under consideration ; and having

also noticed some of the causes which may serve occasionally to modify these

results ; it would now have been desirable to test the hypothesis quantitatively

;

but unfortunately the want of data renders it impossible to do so in a satisfac-

tory manner. There is, however, one point on which a numerical estimate, even

if it were only a probable one, is essential. I mean respecting the quantity of

w^ater, in theshape of minute globules, which a given volume of the atmosphere

must be assumed to contain, in order to account for some of the more remarkable

results recorded at York or elsewhere. I shall, therefore, now endeavour to make
a rough approximation to this quantity, the chief object in view being to deter-

mine whether the quantity of moisture would be so great as to render necessary

the supposition of visible cloud throughout the space where rain is falling.

In selecting a case for such a purpose, recourse cannot be had to those rare in-

stances in which 30 inches or more of rain fell in the course of twenty-four

hours ; for in none of these does it appear that the observations were made at

more than one level.

Perhaps the winter observations at York will furnish as severe a test of the

hypothesis as can be found, at least as regards the ratios of the quantities of rain
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received at different levels. It is true that the maximum quantity of rain which
fell continuously in a given time, cannot be determined by means of this series of

observations, for the intervals between the consecutive observations were too

long to admit of this ; but still it is possible to assume a value which may be sup-

posed, on good grounds, rather to exceed than fall short of the actual maximum
rate. The following table* contains an abstract of the winter observations at

York to which allusion has just been made. It exhibits the depth of rain which

fell into gauges, at three different levels, during a period of 270 days, comprising

the months of December, January, and February, of the years 1832-33, 1833-34,

1834-35 :—

Height of the
Gauge above
the ground,

in feet.

Depth of

Kain in

inches.

Ratios of the

Depths, that

on the ground
being 1.

Ground gauge, 17-32 1-

Museum gauge 44 1217 0-7

Minster gauge, 213 8-65 0-5

The remarkable fact to be learnt from this table is, that the Ground gauge

received 30 per cent, more rain than the Museum gauge, the difference of level

being only 44 feet ; and 50 per cent, more than the Minster gauge, the difference

of level being 213 feet.

As respects the rate at which the rain fell, the table shows that the Ground

gauge received 1732 inches in the course of 270 days,—that is, on an average,

0064 inches in twenty-four hours. This, of course, is the mean rate for the

whole period, including fair and rain}^ weather ; but what is wanted is the largest

quantity which fell continuously in a given time. Sir John Herschel states,t that

" it is considered, in the greater part of England, a heavy rain if an inch fall in

the course of twenty-four hours." Therefore, guided by this, it is proposed to

assume, that on one of the 270 days included in the York observations it rained

continuously for twenty-four hours ; and that, during this period, the Ground

gauge received one inch of rain, the Museum gauge 0*7 of an inch, and the

Minster gauge 5 of an inch,—these quantities bearing to each other the same

ratios which, as the fourth column of the above table shows, the whole quantities

bear to each other.

Adopting, then, these data, the hypothesis assumes that, on the occasion in

* Report of Brit. Assoc, for 1835, p. 173. N.B.—The error in the Minster column is corrected.

\ Art. Meteorology
,
par. 115.
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question, and within the period of twenty-four hours, a current of very minute

globules ofwater—equivalent, in all, to a depth of half an inch of rain—was floated

downward past the level of the Minster gauge, without giving any indication of

its passage ; and that of this half inch, a portion, equivalent to 0*2 of an inch,

changed its form while descending between the levels of the Minster and Museum
gauges,—the larger part of this quantity combining to form drops of a size sufficient

to admit of their falling into the lower of these two gauges, and the remainder

coalescing with drops of rain already formed, and thereby rendering each drop

larger than when it passed the level of the Minster gauge. The effect of this coa-

lescence of the minute globules of water with each other, and with the larger rain-

drops was, according to the hypothesis, to raise the indication of the Museum gauge

to 0*7 ofan inch,—that is, 0*2 of an inch above the indication of the Minster gauge.

Again, it is assumed that the current, now containing a quantity of water

equivalent only to a depth of 0"3 of an inch, was carried past the level of the

Museum gauge without leaving any trace of its passage, and was by a similar

process of coalescence, but much more rapid than what took place at the higher

level, converted into drops which, owing to the cessation of the downward current

as it approached the ground, were now no longer, even the smallest of them,

carried past the mouth of the gauge placed there, but entering it, raised its indica-

tion to one inch,-^-that is, 03 of an inch above the indication of the Museum gauge.

Having traced the agency of the downward current thus far, the next step

ought to be to ascertain the velocity of the current. But it is difficult to find any

data for making such an estimate ; for though it may be inferred, that the

velocity of the downward current of air which accompanies rain will have some

direct relation to the quantity of rain which falls in a given time, and to the

degree of cold which it brings down with it, yet, unfortunately, from not knowing

what that relation is in some actual instances, no use can be made of the general

principle. Since, however, it is necessary to arrive at some estimate on this point,

there are one or two considerations, connected with the hypothesis itself, which

seem to suggest a lower limit, at least, to the velocity of the downward current.

In explanation of this, let it be assumed that (it being during winter) 3000

feet was the height of the clouds from which the one inch of rain fell in twenty-

four hours. Also let it be assumed that the diameter of the drops of rain was

uniformly one-tenth of an inch, which, as respects bulk, is greatly nearer the

lower than the higher of the two limits to their size which Professor Leslie has

assigned. Then, one inch of rain being supposed to fall in twenty-four hours, it

follows that the number of drops which would fall on any particular spot in the

same time would be fifteen,* and the interval of time between the consecutive

drops would be ninety-six minutes. In order, therefore, to keep the space between

the clouds and the earth replenished with the minute globules of water, the

* Playfair's Geometry, Supp., B. III. Prop. xxi.
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downward current ought to have a velocity of at least 3000 feet in 96 minutes,

—

that is, about 7 inches per second, or fths of a mile per hour.

In a table given by Dr Thomas Young,* it is stated that a wind blowing at

the rate of two miles an hour is just perceptible ; and as the downw^ard wind

recorded by Professor Phillips was distinctly felt, it may be concluded that its

velocity exceeded two miles an hour. Therefore, in adopting 7 inches per second,

or fths of a mile per hour, as the estimated velocity of the downward current in the

present case, there is, at least, the certainty that it is considerably less than a

velocity which observation has proved to be possible.

And now, let it be imagined that a hollow prism reaches vertically from the

level of the Minster gauge to the ground, and that the area of its base is equal to

one square inch ; also let attention be directed only to that portion of the current

which may be supposed to descend through the prism ;—it is evident that in

the course of twenty-four hours, or 86,400 seconds, its volume will amount to

7x86,400= 604,800 cubic inches. This volume consists of air and minute glo-

bules of water, the latter being, by supposition, equal in weight to half a cubic

inch of water = 126*23 grains. Hence, according to this estimate, each cubic

inch of the atmosphere between the levels of the Minster and Ground gauges, and

within the limits of the raining space, would contain, besides the aqueous vapour

126-23
due to its temperature, only patotu) ~ 000021 gr. of condensed vapour,

—

i.e., less

than half the quantity which would be requisite to saturate it, ifdry, at zeroof Fahr.

If, therefore, this estimate be at all near the truth, it seems to follow that

even such remarkable results as those of the winter observations at York may be

accounted for by the presence in the atmosphere of a quantity of condensed

vapour too small to give rise to the appearance of visible cloud.

Before bringing the paper to a close, there remains to be noticed what, at first

sight, might seem to be a new source of diflBculty, namely, the fact that when the

elevation on which a rain-gauge is placed, instead of standing detached like a

house, or tower of a cathedral, forms part of a mountainous country, the ordinary

effect of elevation, in appearing to diminish the quantity of rain, is no longer

observed. Such a result, however, presents no real difficulty; for when the current

of air carrying minute globules of water which accompanies rain descends on an

elevated, but, at the same time, extended and uneven surface, the resistance

offered to its downward progress ought, according to the hypothesis, to produce

nearly the same effects as at the level of the ground.

In concluding (his attempt to explain a long standing difficulty in the theory

of rain, I do so with an > nfeigned sense of the very imperfect manner in which

it has been executed, but, at the same time, with a good hope that it will be

found to be based on a true principle.

* Lectures, vol. ii. p. 457.
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IV.

—

On the Pressure Cavities in Topaz, Beryl, and Diamond, and their hearing

on Geological Theories. By Sir David Brewstee, K.H., F.R.S.

(Read 3d March 1862.)

In the years 1823 and 1826 I communicated to this Society two papers

" On the Existence of Two New Fluids in the Cavities of Precious Stones and

other Minerals." These two fluids were generally found together in the same

cavity, though sometimes the cavities were occupied only by one of them. They

were perfectly transparent and immiscible. The denser of the two occupied

the angles of the cavities, or the necks, or narrow passages, or canals which

united two or more larger cavities ; while the rarer fluid floated, as it were, on

the other in deep cavities, or filled the body of shallower ones, with the exception

of a circular vacuity, which diminished and disappeared with the slightest increase

of temperature, or enlarged itself and disappeared in consequence of the fluid

being converted into vapour.

The denser of these fluids does not appear to expand more than oil or water

by the application of heat ; but the other is twenty-one times more expansible than

water. It evaporates at temperatures from 74° to 84". The vacuity in it disap-

pears by the heat of the mouth or of the hand, and it returns to its former state

by a violent effervescence, producing a number of minute vacuities, which finally

unite in one. The refractive power of the expansible fluid varies from 1-1311 to

1*2106, while that of the denser fluid is 1-2946, which is greatly less than that

of water. From the few experiments which I was able to make on these fluids

when taken out of the cavities, it has been inferred that they are hydro-carbons.

The distribution of these cavities, in the specimens which contain them, is a

subject of peculiar interest. They are often found singly, and of different sizes,

at different depths in the mineral ; but they most frequently occur in strata, and

of such different magnitudes, that the two fluids are distinctly seen in the largest,

while the rest gradually diminish till they disappear in black points, which the

microscope can hardly descry. Three or four strata nearly parallel to one an-

other, and with cavities of different sizes, rarely occur. In general the strata lie

in planes, frequently intersecting one another, and having no connection with the

primitive or secondary planes of the crystal. In some specimens the planes of

the strata are curved, and in rare cases the sections of these planes are curves

of contrary flexure.

In 1844 I was led to re-examine several hundred specimens of topaz with a

more perfect microscope and a fine polarising apparatus, with the view of ascer-

* The American and French mineralogists have given the name oi Brewstolinc to the volatile, and

Cryptoline to the dense fluid.
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taining the nature and properties of certain crystalline deposits which I had

noticed, and to which I had refeiTed in my earliest observations.* In these new

researches, the results of which were published in two papers in the Transactions

of this Society for 1845, I discovered two new classes of phenomena which had

escaped the notice of preceding observers, and which threw much light on the

formation of the minerals in which they were exhibited.

In many specimens of topaz from Brazil and New Holland, I discovered numer-

ous cavities, filled with crystals of various primitive forms, and with diflferent

physical properties. These crystals are either fixed or moveable. Some of the

fixed crystals are beautifully crystallised, and have their axes of double refrac-

tion coincident with those of the specimen which contains them. In some cavi-

ties there is only one crystal, in many two, three, and/o?fr, and in a great number

the crystals actually fill the cavities to such a degree, that the circular vacuity

in the fluid cannot take its natural shape, and can often be scarcely recognised

among the jostling crystals.

Upon the application of heat to these crystals, some of them gradually lost

their angles, and melted slowly, till not a trace of them was visible. Others

melted with greater difficulty, and some resisted the most powerful heat I could

apply. The crystals which melted easily were quickl}^ reproduced,—sometimes

reappearing in a more perfect form, but frequently running into amorphous

shapes or granular crystallisations. While some of the crystals were resuming a

tabular form, their tints, under the polarising microscope, gradually rose in the

scale of colours as their thickness increased ; and when there happened to be

numerous crystals in the specimen, the whole field of the microscope was filled

with brilliant portions of light which they polarised.

While making these observations, crystals of a different kind presented them-

selves to me when the specimens which contained them were exposed to polarised

light. These crystals were embedded in the topaz ; and as their axes of double

refraction were not coincident with those of the mineral, they were seen in the

obscure field of the microscope, brilliant with all the colours of polarised light.

They often polarise five or six orders of colours, and in general they have beauti-

ful crystalline forms, which are visible in the microscope even in common light.

In some specimens of Brazil topaz, the embedded crystals occur in groups of sin-

gular beauty, consisting of prisms and hexagonal plates, connected apparently

by filaments of opaque matter. In all these specimens the crystals had a distinct

outline, whether they were examined in common or in polarised light ; but I

have met with topazes in which the embedded crystals had no visible outline in

common light, and which never could have been detected but by the polarising

microscope. In one of these, an amorphous crystal, nearly spherical, lay in a

* See Edinburgh Transactions, vol. x. p. 21, note, and plate i. fig. 10, plate ii. figs. 20, 21

;

p. 419, note, and plate xix. fig. 4.
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crowded group of small fluid cavities, none of which had entered it,—a proof that

the cavities had been formed in the topaz when soft, and when it imprisoned the

previously indurated crystal.

The other class of phenomena to which I have referred is of a still more

remarkable nature, and has a more direct bearing- on geological theories. About

thirty years ago I communicated to the Geological Society the singular fact that

I had found in a diamond a small cavity, round which four luminous sectors were

seen in polarised light,—a phenomenon which clearly proved that the diamond,

when in a soft state, had been compressed by an elastic force proceeding from

the cavity. This inference countenances the opinion that the diamond was of

vegetable origin ; and as this gem was a sort of outlaw in the mineral world, the

idea that it had once been in a plastic state, like amber and other gums, and sus-

ceptible of compression, did not startle the mineralogists who believed in the

ordinary doctrine of crystallisation. The insulated fact, therefore, and the pro-

bable inference from it, excited no notice ; and it was not till the same pheno-

menon had been observed more frequently in the diamond, and in other mine-

rals supposed to be of aqueous formation, that its geological importance was

likely to be acknowledged.

In the Koh-i-noor diamond, which the Prince-Consoet kindly permitted me to

examine in 1852, I found three black specks, scarcely visible to the eye, but

which the microscope showed to be irregular cavities, surrounded with sectors of

polarised light. In the two smaller diamonds which accompanied the Koh-i-

noor, there were also several cavities surrounded with luminous sectors, and the

same polarising structure which indicated the operation of compressing and

dilating forces.* In order to obtain more information on this subject, I examined

nearly fifty diamonds lent me by Messrs Hunt and Roskill, and in almost all of

them I found numbers of cavities, of the most singular forms, round which the

substance of the stone had been compressed and altered in a remarkable manner.

The shapes of the cavities sometimes resembled those of insects and lobsters, and

the streaks and patches of colour in polarised light were of the most variegated

kind. In examining a large number of diamonds, which adorn some of the

oriental objects in the East India Company's Museum, I found that all these

stones contained large cavities, and were coarse or flawed diamonds, which could

not be cut into brilliants, or used in rings or other ornaments. It seems, in-

deed, to be a general truth, that there are comparatively few diamonds without

cavities and flaws, and that this mineral is a fouler stone than any other used

in jeweller}^ Some diamonds, indeed, derive their black colour entirely from the

number of cavities which they contain, and which will not permit any light to

pass between them.

* In 1820 I discovered similar cavities in amber, &c. See Edin. Phil. Journal, vol. ii. p. 334.

f See Edin. Trans. 1815, vol. viii. p. 157; or Journal de Physique, 1816, vol. Ixxxii. p. 367.
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Having found in diamond so many Pressure Cavities^ as we may call them,

round which the substance of the stone is compressed, I had some expectation of

finding- them in other minerals ; and upon re-examining the numerous plates of

topaz in my possession, I succeeded in discovering several under such remark-

able circumstances, that I submitted a description and drawings of them to this

Society in 1845. In searching for this phenomenon with the polarising micro-

scope, we first observe four sectors of depolarised light ; and if the magnifying

power is sufficient, we shall find, in the centre of the black cross that separates

the sectors, a small opaque speck, which is the cavity or seat of the compressing

force. This cavity is frequently of a rhomboidal form, and often only the 3000th

or 4000th of an inch in diameter. It is always opaque, as if the elastic substance

which it contained had collapsed into a black powder; and I have met with only

one cavity in which there was a speck of light in its centre. The polarised tint

in the luminous sectors varies from the faintest blue to the white of the first order.

In most cases the elastic force has spent itself in the compression of the topaz,

—

the cavity remaining entire, and without any apparent fissure by which a gas or

a fluid could escape. I have discovered, however, other cavities, and these gene-

rally of a larger size, in which the sides have been rent by the elastic force, and

fissures, from one to six in number, propagated to a small distance around them.

These fissures have modified the doubly refracting structure produced by com-

pression, but the gas or fluid which has escaped has left no solid matter on the

faces of fracture.

Soon after the publication of these results, I discovered still more remarkable

cavities in a specimen of beryl brought from India by the Marchioness of Tweed-

dale, who was so kind as to present it to me. In cutting the cr^^stal, Mr Sander-

son found that one end of it was foul, and produced a luminous ring round a

candle. This ring, similar to the rings seen in certain specimens of Iceland spar,

was produced by long and irregularly tubular cavities, parallel to the sides of the

hexagonal prism. As the tubes had been cut across by the lapidary, their con-

tents had escaped ; but whatever the contents were, whether fluid or gaseous,

they had compressed the beryl, and produced the four luminous sectors around

each cavity. This aggregation of luminous sectors produced a mass of depolarised

light, which completely effaced the black cross of the uniaxal system of rings

exhibited by the mineral. Different degrees of compression were produced by

cavities of different sizes ; but the resulting tint was generally a white of the first

order, rising in some cases to a yellow of the same order.

Such is a brief notice of the fluid and pressure cavities which exist in mine-

rals, and which have a very obvious bearing on geological theories. Some of

these facts have been upwards of forty years before the public,* and along with

* Edinburgh Philosophical Journal, vol, ii. p. 334. 1820.
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others, more recently discovered, have been widely circulated in British and

foreign journals; and yet none of our geologists have made the slightest refer-

ence to them, either as difficulties to be explained, or arguments to be advanced

in support of their own views.

In 1822 Sir H. Davy, when he was acquainted only with the existence in

minerals of water, petroleum, and gas, did not hesitate to regard such facts as

" seeming to afford a decisive argument in favour of the igneous theory of crys-

talline rocks ;"* and in my paper of 1826, I was driven to the conclusion, " that

the cavities containing the two new fluids were formed by highly elastic sub-

stances, when the mineral itself has been either in a state of fusion, or rendered

soft by heat." At this time I was acquainted only with the two new fluids, and

some of their chemical and physical properties ; but when I had studied their

arrangement in strata, this opinion acquired additional weight. Had these cavi-

ties been arranged in planes parallel to the primitive or secondary faces of the

crystal, some argument might be urged in favour of their aqueous formation

;

but when it was found that the strata of cavities traversed the crystal in all

possible directions, that they were bent also into curves of contrary flexure, and

that even individual cavities had a curvilinear shape, it was impossible to resist

the conclusion that the cavities were formed, and thus capriciously distributed,

when the substance of the crystal was in a soft or plastic state. This conclusion

derives additional strength from the fact that the water cavities in crystals depo-

sited from an aqueous solution are never thus arranged.

The discovery of pressure cavities in topaz and diamond may be considered

as completing the evidence for the igneous origin of these minerals, and of the

rocks which contain them. We know that gas, in a state of compression, exists

in minerals. In the pressure cavities we have not only the seat of an elastic

force, but its direct action upon the substance of the crystal. Though of equal

density throughout, as is proved by the equality of its polarised tints, the crystal

has its density increased round the pressure cavity,—the density being a maximum
close to the cavity. Such a structure is impossible in crystals formed by aqueous

deposition, and hence there is not a single example of a pressure cavity in any of

them. They exist, however, in amber and in glass—substances that have once

been in a plastic state ; and I have produced them artificially by compressing a

solution of gum arabic between two plates of glass, so as to include some bubbles

of air. The air in these cavities, being exposed to changes of temperature, com-

presses the circumjacent gum, and gives it that variation of density which pro-

duces four luminous sectors in polarised light, exactly of the same character as

those which are found in topaz and diamond.

The existence of crystals of different physical properties in the cavities of

minerals, and of embedded crystals either shooting through their mass, or occur-

* Philosophical Transactions, 1822, p. 367-
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ring in groups, or lying singly with their optical axes in every direction, admit of

no other explanation than that which is afforded by supposing the surrounding

mineral to have been in a state of fusion, and to have either contained the elements

of the embedded crystals, or to have surrounded them when previously formed.

Although, as I have already stated, no British geologist has seen the import-

ance of the preceding facts, and their direct bearing on geological theories, yet

they have been recently referred to,* and their value fully appreciated, by French

geologists. In a discussion with M. Elie de Beaumont on the formation of

mineral veins, M. FouRNET,f the distinguished Professor of Geology at Lyons, has

given a full and interesting account of this class of phenomena, and has adduced

them to prove that mineral veins are formed by the injection of mineral matters

in the state effusion. In opposition to this argument, M. Elie de Beaumont makes

the following observations :
—

" It is difficult," says he, " to admit that crystals of

quartz containing two oily fluids, one of which is volatile at the temperature of

81° Fahr., have crystallised in a bath of quartz in fusion. But quartz forms part

of the gangues of the greater number of veins, and quartz with fluid cavities is

far from being a rarity." t M. Fournet^ has, we think, removed this difficulty;

but without entering into the question as one of geology, we may safely assert

that difficulties attaching to any theory are not arguments against it, especially

if there are only two theories, and if equal difficulties attach to them both. We
are so utterly unacquainted with the conditions under which the primitive rocks

were formed, with the temperatures which prevailed at their formation, and with

the pressures to which they must have been subject, that we are not entitled to

charge any theory with difficulties which have their origin in our own ignorance,

or in the very nature of the subject. We may never understand hoAv the cavities

in topaz have such singular and complex forms as those which I have described

and delineated,—how these cavities should contain in one specimen two im-

miscible fluids, the one dense and the other volatile, and in another specimen

various crystals, of different primitive forms and physical properties. We may
never understand how a series of these cavities could have arranged themselves

in lines now straight and parallel, now curved and concentric, and now radiating

from a centre ; or how strata of these cavities could traverse the topaz in all

directions with surfaces of single or double curvature. We may not be able to

explain the special difficulty started by M. Elie de Beaumont, and yet it is abso-

lutely certain that an elastic force, emanating from a pressure cavity, could not

have comjz^essed the topaz which surrounded it, unless the mineral had been in

a soft and plastic state, or in the state of fusion.

* Daubree, " Etudes sur le Metamorpliisme," 1860, p. 36.

f Comptes Rendus, &c., torn. li. p. 42, torn. liii. pp. 83, 610; and Fournet, " Geologie

Lyonnaise," Lyons, 1861, pp. 533, 715.

J Comptes Rendus, &c., 15th July 1861, torn liii. p. 83, note.

§ Greologie Lyonnaise, p. 536.
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V.

—

On the Theory of Numbers. By H. F. Talbot, Esq.

(Read 21st April 1862.)

The object of this paper will be, to give a connected view of some theorems

of importance, which are often found in books rather obscurely demonstrated,

and in some cases are inaccurately given, or are liable to exceptions which are

not mentioned.

§ 1. On FermaVs Theorem, and Wilson's Theorem.

The most convenient starting-point for this investigation seems to be the

well-known theorem, "If j9 is a prime number, and (,2? + l)^ is expanded by the

binomial theorem, all the coeflflcients, except the first and last, are divisible by p.

For it is obvious, in the first place, that all the coefficients are integers. If

we multiply x+l into itself, any number of successive times, the coefficients arise

from the multiplication and addition of integers, and are therefore themselves

integers.

Next, the binomial theorem gives the coefficients in the form

p(j>-V) p(p-l)(p-2)
p, 2 ' 2-3 '

Let us consider any one of these, for instance the last; then, since

^
2-s

^^ ^^ integer, the numbers 2 and 3, found in the denominator must

divide some of the factors in the numerator. But they cannot divide p, it being

a prime by hypothesis; consequently, they divide (p—l) (p-2), therefore

L^~ is ^^ integer. But this integer is the quotient of the coefficient

divided by p. Therefore, p divides this coefficient, and so for all the others.

This is the place to introduce a convenient notation, invented, I believe, by

Gauss.

If a and b are two numbers which, when divided by the number n, leave the

same remainder, Gauss says that they are congruous to each other, according to

the modulus n ; which he expresses thus, a^h (mod. n). The sign ^ is imitated

from ^= the sign of equality, and implies, not that the numbers are really equal,

but that they are equivalent (under certain circumstances only). For, if a^h
(mod. n) this would not, in general be the case with a different modulus.

I propose in the present paper sometimes to use the word equivalent instead

of congruous.

VOL. xxin. part I. N
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If any number a is divisible by n, it is equivalent to zero, with modulus w,

which is written a^o (mod. n).

To return to the last theorem.

If/> is a prime,

{x + iy= {ocP + l)+ (p. ,t;P-i + ^^^~ ' a;P-^ + &c.\

Therefore we have the congruence or equivalence,

{a; + ly^ 00^ + 1 (mod. p).

For all the other terms vanish, their coefficients being all divisible by 7^, whence,

p=0(mod.^) P^^=0 1SPz1)^ = o,

and so on.

Take this equivalence (x + lf^ x^ + l

and suppose a; =1 .-. 2^^^ 1 + 1 ^ 2

Next suppose x =2 .-. 3" = 2" +

1

But we found 2" = 2 .-. 3"= 3

Next suppose ^ = 3 •• 4'' ^ 3" +

1

But we found 3^ = 3 .-. 4^ = 4

And so on till we reach «^^ «•

a being any number. Transposing, we have a^-a^O (mod. p). In other words,

the prime number p divides a"— a, or a («''~^-l). It therefore divides one of the

two factors a, or a^~^~l, whence we obtain Fermat's celebrated theorem,—" If

p issL prime number, which does not divide a, it necessarily divides «^~'-l."

Next let us consider a beautiful theorem first given by Lagrange. Ifp is any

prime number, and an equation be formed of p-l dimensions, whose roots are

the series of natural numbers, 1, 2, 3, . . . . (i^-l), all the coefficients of this

equation (except the first and last) are divisible by p.

Example.—Let the roots be 1, 2, 3, 4, 5, 6, the equation will be

a;«-21 x' + no «*-735 a;^ + l62i x''-1764: a; + 720=

and each coefficient except the first and last is divisible by 7. Assuming

Lagrange's theorem as proved, we can deduce a remarkable consequence from it.

Let Z be the last coefficient, it is the product of all the roots, or Z= l, 2, 3, . . . .

(p-1). Z is always positive, because the equation has an even number of

dimensions.

Therefore the equation may be written thus :

—

But by Lagrange's theorem,

A= (mod. p), B= 0, &c.
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And therefore all the terms of the congruence may be omitted except the two first.

.•.«^~VZ^O, whence -«^-^ ^ Z.

In other words, if Z is divided by p, it leaves the same remainder as «^~^ does,

when divided by p, but with a contrary sign ; x being any one of the j9- 1 numbers,

which are less than p.

The simplest case is when x=l. In this case the theorem gives

—

-l^Z orZ + 1^0(mod.p);

which result, expressed in other words, is :
—

" If p be any prime number, the

product of all the numbers less than p, or 1, 2, 3, ... . {p—V), augmented by

unity is divisible by j9."

This is the celebrated theorem, known as " Wilson's Theorem," of which

neither its inventor nor Waring, who first published it, could find any demon-

stration. It was first demonstrated by Lagrange (Berlin Memoirs, 1771).

We have not employed Fermat's theorem in demonstrating it, therefore it is

well to show that the latter can be deduced from it. Thus, we have found

x^-'^^— Z (mod.j9).

But we have found Z^ — 1. And therefore x^~'^ ^\ {x being any number

less than p)^ which is Fermat's theorem.

§ 2. On Associate Numbers.

By Wilson's theorem, the product of all the numbers 1, 2, 3, ... . (^9-1), is

congruent to -1 (mod. p). Another demonstration of this is given in Gauss's

" Arithmetical Researches" (French translation, p. 57). It is there said that

EuLER discovered that this product, omitting the first and last numbers 1 and

p— 1, could be divided into pairs of associate numbers, the product of each of

which is ^ 1 (mod.^), while the product of the remaining two numbers, 1 and

p—\ is obviously ^ — 1 (mod. p). So that the product of the whole series 1, 2,

3, . . . . p—l, is^ — 1 (mod. p))^ as we found before.

In the passage quoted, the following example is given:—The numbers less

than 13 can be multiplied in pairs, thus :—3 x 9=27= 1 (if we omit the multiples

of 13), which we write 3x9^1 (mod. 13).

Also, 2 k 7 EE 1, 4 X 10 EEE 1, 5 X 8 :ee 1, and 6x11 = 1. But, on the other

hand, 1 x 12 ^— 1. Therefore the whole product 1, 2, 3, .... 12 ^ — 1.

In this theorem of Euler's, the product of each pair ^ 1, with the excep-

tion of one pair, which is ^ —1.

I have found that there exists another and very different system of associate

numbers, in which the product of each pair is^ — 1 ; and therefore, the product

of the whole is ^ — 1 whenever the number of pairs is odd ; but if it is even,

in that case the product of one pair always deviates from the rule governing

the rest, and is ^ + 1. So that in all cases the product of the whole is ^ — 1.
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We will take the same example as before, the number 13. The associate

numbers are 1, 12 ... 2, 6 ... 3, 4 ... 7, 11 and 9, 10, the product of each

pair beings — 1 (mod. 13). Thus, for example, 7x11 = 77. Rejecting 78,

a multiple of 13, there remains —1. But the remaining pair of numbers,

5 and 8, produce the product 40, which, rejecting 39, a multiple of 13, is equiva-

lent to 1. Therefore 5x8^1 (mod. 13). It will be observed that the num-
bers have different associates in Euler's system and in this system, 2 being

associated Avith 6, and not with 7, &c. ; except that 1 is still associated with

12, and 5 with 8.

I will add some other examples of this new system of associate numbers.

If the prime number be 5, the associates are 1, 4, whose product ^ — 1, and

2, 3 whose product ^ + 1. This prime is of the form 4?z + 1, therefore the num-
bers less than it form 2n pairs, an even number ; therefore the product of one pair

deviates from the rest, as was observed before. Other examples of this, in primes

of the form An + \, are, 7?= 13. This case has been given before. The associates

are written one over the other in the following table, and the deviating pair

stands by itself :

—

1 2 3 7 9 r
)

12 6 4 11 10 ii

) = 17 we find,-—

12 3 5 6 7 9 4

16 8 11 10 14 12 15 13

The sum of the deviant pair is always equal to the prime number. Thus,

4 + 13 = 17. It is worth remark, that the same holds in Euler's system, where

the deviant pair are always 1 and p— \^ whose sum =j9.

It will make the nature of these associate numbers plainer, if we subtract p
»—

1

from each of those which exceed ^-k— • The remainders will be negative num-

» —

1

bers, less than^^-^-- Thus, ifj9=17, writing the associates one above the other,

and their product in the lowest line.

or

1 2 -2 3 6 5 7 4
-1 8 -8 -6 -3 -7 -5 -4

-1 16 16 -18 -18 -35 -35 -16
-1 -1 -1 -1 -1 -1 -1 + 1

Rule to find the pair of numbers which deviate from the rest. Find the number

»—

1

oc less than ^
,^ , such that 1+x^ is divisible by ^, which can always easily be

done, and has only one solution. Then x and -a; are the pair required.
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If now M^e turn to primes of the form 47i + 3, the numbers less than ^? form

2n + l pairs, an odd number, .-. the product of each pair ^ — 1, and there are no

deviations.

For example, if^=7, the associates are

12 4

6 3 5

Ifp=ll, they are 12 3 4 6

10 5 7 8 9

We will now pass to the consideration of another system of associate numbers,

which I do not find mentioned in the books.

Theorem.—If^ is a prime number of the form 4w+ 1, and the series of natural

numbers 1, 2, 3, &c., be taken as far as ^^^ (which will be of the form 27i, and

» —

1

therefore an even number), then the squares ofthese - .. numbers can be divided

into associate pairs, in such a wa}'^ that the sum of each pair shall be divisible hy p.

« —

1

Example.—Let ^9 = 17, .*. —^— =8. The 8 squares may be divided into pairs,

so that each pair is divisible by 17, as follows:

—

12 + 42 22 + 82, 32 + 52, 62 + 72.

It is plain that each number can have only one associate. For let a have the as-

sociate h .'. a^ + h^ ^0 (mod. pi). If c were another associate, we should have

«2 + c2 ^ (mod. p), and .-. Jy^-c^- ^ (mod, p)) ; that is, p must divide one of the

factors of &2_c2. But these are h + c and h—c. And J + c is less than p)^ because

» —

1

h and c are each less than, or equal to, "^-q"- Much more is 5— c less than p>.

But p cannot divide numbers less than itself, therefore a has only the associate

h. It remains, however, to show, that each number has an associate. This follows

from the well-known theorem,—" That every prime of the form An + 1 is the sum
of 2 squares, in one way only."

Sometimes one of the squares is unity. For example, the prime 17 is the

sum of 1 + 16 — 1^ + 4^ When this happens, the other associates are easily de-

duced. Thus, multiplying the equation 1^ + 4^= 1 7=p by 2^ we have 2^ + 8^ = 2^
. p,

which being divisible by p, is^ (mod. p) .\2^ + & ^0, and 2 has the associate

» —

1

8. Similarly, 3^ + 12^ ^ 0, but 12 exceeding -^ or 8, we substitute for it p>-\2,

or 5, .'. 32 + 52^ 0, and 3 has the associate 5 ; and so on.

But when the prime p is the sum of 2 squares, neither of which is 1, we
proceed a little differently. Thus, let ^=29, which =4 + 25=22 + 5^ Multiply

the least of these numbers, a, by the number which will give a product nearest to

the prime 29, and the difference will of course be less than a. Thus, if we
VOL. xxiii. PART I.
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multiply the congruence 2^ + 5^ ^ by 15^ we get 30^ + 75^^ 0, and rejecting the

multiples of 29, we get 1 + (- 12)^ = 0, or 1 + 12^= (because 75= 3 x 29 - 12),

And upon trial it will be found that 1 + 12^ or 145, is divisible by 29. Having

thus found a pair of squares, such as 1 + cv^ ^ 0, we find all the others from it by

simple multiplication, and rejecting the multiples of 29. If we had not found

this pair 1 +«"^ at first, we should at any rate have approximated to it.

Another mode is the following :—Since 2^ + 5^=29=/? and 5 is not divisible

by 2, add 29 to it .-. 2' + 34^ =j9 = (mod. ])\ and dividing by 2", P + 17-^ =
.-. 1 + ( - 12)^= 0, .'. 1 + 12'= 0, as before.

p being a prime of the form 4?i + 1, we have in all cases j^= wi2 + ?r, and having

ascertained the values of m^ n, we can derive from them other numbers «, 6, c,

d, such that a- + 6" ^ 0, d^ + d' ^ 0, &c. ; from which a curious theorem arises,—

If the prime number p divides both a^ + 5^ and c^ + d''\ it also divides both ac-^-bd

and he— ad.

Eosam.ple.—2Q divides 22 + 5^ and 3' + 7". Therefore, it divides 57- 2-3 and

2-7 + 5-3.

Demonstration.—Because a'^ + Jf^O and c^ + c?^ ^ 0, .• . a^c- + h^c^^ and

a^c- + a^d"^ ^0, .-.by subtraction Irc^— a^d^^ 0, the factors of which being he + ad

and he- ad., p must divide one of them. [M.]

Permute the letters a, h, in this result, since it is immaterial which is which

;

therefore p divides one of the two factors, ac + hd, or ae-hd. [N.]

Comparing the results M and N, we see that if p divides ac + hd in the second

of them, it divides he— ad in the first.

It appears from what precedes, that a prime p of the form 4y^ + 1 always

divides some number of the form l + «^ where a is less than^^. Annexed is

a table of the values of a for the first prime numbers of that form, from 5 to 109.

5 divides 1 + 2^

13 . . 1+52
17 . . 1+42
29 . . 1 + 122

37 . . 1+62
41 . . 1+92
53 .. . 1 + 232

61 divides 1 + II2

73 . . 1 + 272

89 . . 1 + 342

97 . . 1 + 222

101 . . 1 + 102

109 . .. 1+332

The law which governs these results is not manifest, therefore, althouo-h the

prime p always divides a number of the form l+x"- (x less than
^~^

) , yet x

must be found by tentative methods.

We will here add a few more examples of a theorem previously mentioned :

The prime 13 = 22 + 3^ and divides 1 + 5- .'. 3-5- 1-2 = 13, and 2-5 + 1-3 = 13.

The prime 41=4^ + 5' and divides 1 +9^ .-. 4-9 + l-5=41, and 5-9-l-4=41.
The prime 61 = 52 + 6' and divides I + II2 .-. 5-11 + 1-6 = 61, and 6-ll-l-5= 61.
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Although a prime of the form 4:n+l, is always the sum of 2 squares, yet a rule

is wanting to determine these squares. The following answers for one case:

—

Let p be the prime. Try if 2p — l, is a square, and if so, call it g^.

Then p={'-ry-{'i'y
Emmjjle.—Let p= l86l .-. 2p-l = 3721 =6P=/ .-.^=302 + 312.

§ 3. Remarks on Barlow's Theory of Numbers.

Peter Barlow, of the Royal Military Academy, a mathematician of eminence,

and author of a volume of tables most useful to all persons engaged in numerical

computations, and believed to be exceedingly accurate, published in 1811 a work

entitled " An Elementary Investigation of the Theory of Numbers." This book,

which gives much useful information on a subject at that time little known to the

English reader, contains a few errors which ought to be pointed out, lest they

should acquire credit, by having appeared in a work of authority.

I. It is well known that mathematicians have never been able to find the

demonstration of Fermat's theorem, which asserts that a" + h"—c'', is an impossible

equation, if n is an integer number greater than 2. Nevertheless, Barlow, at

p. 160 of his work, professes to give a demonstration of this theorem. Subsequent

mathematicians, however, have tacitly ignored Barlow's demonstration, and the

question has continued to be proposed from time to time by the French Institute

and other learned societies, without receiving any solution. It is worth while,

therefore, to inquire for what reason Barlow's demonstration has been put aside.

Before treating of the general problem, to satisfy the equation «" + &"=c", he treats

of the particular case a^ + 1f = c% and as he treats this exactly in the same way

pp. 132-140, one explanation will suffice for all. It appears to me that the error

of the demonstration lies in p. 139, where he obtains an equation r = 6 ^X ^ r tr st

and saySj^rs^, that because r, s, t, are prime to each other, each of the above

fractions is in its simplest form ; and, secondly, that they each contain a factor in

their denominator, that is not common with the other denominators ; and there-

fore, these fractions cannot, anyhow combined, be equal to an integer, by Corol-

lary 2 of Art. 13. But this theorem is not true. Take for example the equation

7 8 3
2:0 + 3:5+2^= 8. According to the theorem, S cannot be an integer, because the

fractions are in their lowest terms, and each denominator contains a factor, that

is not common to the other denominators.

But on trial, we find that S=2, an integer. Turning, therefore, to the Corol-

lary mentioned, which is found at p. 20, we see that it rests upon a theorem

in p. 19, viz. :—" The sum of two fractions in their lowest terms, of which the

denominator of the one contains a factor not common with the other, cannot be

an integer." This may be admitted ; but Cor. 2, which follows, appears to be
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erroneous, viz.:— " Cor. 2. In the same manner it may he shown, if there be

several fractions, and one of them be in its lowest terms, and contain a factor in

its denominator, that is not common to all the other deiwminators, the sum of these

fractions cannot be an integer." As Baelow's demonstration of Fermat's theorem

reposes on this Corollary, that demonstration falls to the ground, and a true

demonstration of the theorem still remains to be sought for.

II. There is a well known and very remarkable theorem, that " Every prime

number of the form An + \ is the sum of two squares, and in one way only."

The most simple proof of this appears to consist in the following series of

propositions :
—

(1.) The product of the sum of two squares by a similar quantity is likewise

the sum of two squares, and in two ways,

—

Because {a" + W) (c^ + d^)= {ac + hdf + {ad- hcf ;

and also, = {ac— bdf + {ad + bey

(2.) The sum of two squares can only be divided by a quantity of like form.

(3.) By Wilson's theorem, a prime j9 always divides 1, 2, 3, . . . . (7^- 1) + 1,

and this product may be written

l.(i,-l) . . . 2.0,-2) . . . 3. (i>-3) . . . &c.

or, {p-l) (2p-22) (3p-32) . . . &c.

or omitting the multiples of jf, and observing that the number of factors is even,

if p is of the form 4n+l, the product may be written

Px22x32 . . . {2nf = [l .2.3... 2nf= QK

Therefore p divides Q^ + 1 the sum of two squares. Therefore 2^ is itself the sum
of two squares.

Barlow, at p. 205 of his work, gives the converse of this theorem, and says,

that a number of the form 4n + 1 is necessarily a prime number, if it is the sum

of two squares, in one way only. Suppose, however, that we take for example

the number 45. This is the sum of two squares 3G + 9, and in one way only.

Nevertheless, the number 45 is not a prime, as it ought to be by this rule. This

shows how much caution is necessary in writing on this branch of mathematics.

The fact is, the theorem only holds good in case the two squares 3lvq prime to each

other. Now, 36 and 9 are not so ; and, consequently, the conclusion that their

sum is a prime number is erroneous. With this limitation, however, I believe

the theorem is correct. There is one apparent exception, however, which should

be pointed out. The square of a prime number of the form 4n + 1 is of the same

form, and is the sum of two squares in one way only. Thus, b^, or 25=16 + 9

and 13^ or 169 = 144 + 25. The test, therefore, appears to fail in these instances.

But in fact it holds good ; for 25 is not only the sum of the squares 16+9, but

also of 25 + 0, and this consideration applies to all similar cases.
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VI.

—

On the Ram-Fall in the Lake-District in 1861, with some Observations on the

Composition of Rain- Water. By John Davy, M.D., F.R.S., Lond. and Ediii.

(Read 7tli March 1862.)

Before entering on the main subject of this paper, the composition of rain-

water, I shall give a brief account of the rain that has fallen in the Lake- District

during the year just past ; and this I shall do chiefly by means of tables. The

quantity of rain registered has been so greatly in excess of any former year, that

of itself it is deserving of record, and the more so, comparing the weather which

has prevailed here with the weather in the south, for the most part, happily for

the harvest, as remarkable for an opposite state, an excess of dryness.

The first table I shall give will convey a general idea of the meteorological

phenomena during the period, as it includes in its several columns almost all the

conditions appreciable, which have an influence on climate. I am indebted for it

to a very accurate and zealous observer, Mr Samuel Marshall of Kendal. The

plus and minus marks in it refer to averages : in the instance of the rain-gauge

derived from an experience extending over forty years ; in the instance of the

thermometer and barometer over a period only one year less, and during the

whole time using the same instruments.

The second table relates solely to the rain-fall : it contains the recorded

results of the amount monthly at the several places named. For the means of

forming it, I am indebted to the resident gentlemen or their agents, by whom
the record has been kept. The area comprised—extending in one direction from

Kendal to Keswick and its neighbourhood, and in the other direction from

Coniston to Patterdale—pretty well represents the Lake-District at large.

The third table shows the number of rainy days at the several places, that is,

the days in which any rain had fallen during the twenty-four hours.

The fourth table is designed to show the quantity—that an unexampled one

—

which fell in the month of November. As in the third table, the record of the

rainfall is more limited as to localities than that of the second table, owing to

the circumstance, that only some of the registrars recorded regularly their obser-

vations daily.
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TABLE II.

Months. Kendal.

Lesketh
How,

Amble-
side.

Lancrigg,

Grasmere.
Wray
Castle.

High
Close,

Grasmere.

The How,
Troutbeck.

Coni-

ston.

Seath-

waite,

Borrow-
dale.

Keswick.
Mire-
house.

Patter-

dale

Hall.

January, 3-745 6-69 6094 6-084 3-68 9-080 13-5 9-88 4-208 2-29 3-50

February, 5-743 12-08 13-390 8-114 9-02 13-614 9-2 18-27 9-295 7-06 14-70

March, 7-947 11^67 15-299 9-959 12-03 15603 11-5 26-08 6-681 7-51 12-20

April, •547 •99 1-185 •640 1-05 1-247 -3 •82 -907 -96 -60

May, •710 MO 1-643 1-290 1-30 -792 2-7 4^61 -550 1-41 •12

June, 3-009 4-62 3-651 3-678 3-94 2-559 4-0 7-70 3-154 2^08 1-12

July, . 6-886 9-56 8-470 8-756 9-60 8-641 11-5 14^59 8-284 4-91 8-18

August, . 8-312 10-96 17-503 9-527 lh61 15-913 12-0 25^20 7-580 7-02 18-25

September, 5-848 9-52 16-277 7-884 11-75 12-460 10-0 17-42 9114 7-40 17-21

October, . 3-528 5-76 9-049 4-373 8-20 5-170 5-0 9-07 3-530 3-24 7-70

November, 11-396 18-88 20-168 14-437 17-07 21-408 17-0 35-41 18-838 11-49 715

December, 3-026 7-20 10-490 5166 4-50 9-771 5-6 13^62 7-270 4-98 9-10

60-697 99-03 123-219 80^708 93-75 116-258 102-2 182-67 74-417 60-35 94-83

TABLE III.

Months. Kendal.

Lesketh
How,
Amble-
side.

High Close,

Grasmere.
The How,
Troutbeck.

Seathwaite,

Borrowdale.
Keswick.

Mire-

house.t

Wray
Castle.

January,

February,

March,

April,

May,

June,

July,

August,

September,

October,

November,

December,

W:

11

16

28

8

3

8

22

21

17

12

23

13

14

16

28

7

8

11

26

24

19

14

22

16

5

10

13

...*

8

14

24

26

21

*

25

15

11

15

27

7

6

8

21

21

17

11

23

14

17

17

25

7

6

15

23

23

19

11

24

17

17

17

25

7

6

15

23

23

19

11

24

17

6

12

24

6

6

10

22

27

24

11

24

16

15

16

29

9

10

10

28

24

23

17

20

14

179 205 141 181 204 204 188 215

Not taken daily."
f-

Mirehouse is four miles NNW. from Keswick.
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TABLE IV.

November
1861.

Lesketh
How,

Ambleside.
Kendal.

Seathwaite,

Borrowdale.
Keswick.

The How,
Troutbeck.

Wray
Castle.

1 0-47 0-673 ...* 0-362 0654 0367
2 •17 •035 ... 600 •471

8 • • > > • > • 270 .. ...

4 •10 •409 . > • •184 -407 •717

5 •36 •202 2-43 384 •817 •631

6 •98 •405 1-22 •102 •742 •101

7 •10 •057 . . . 092 •123 •161

8 •11 •157 210 •236 ...

9 •66 ... ... ...

10 '•07 •088 • • .

2*46
... 1-000

11 •85 •680 2-21 696 1-355 1-822

12 2-73 1^588 4-24 2 •150 2-305 -349

13 •17 •228 •85 006 •360 • • •

14 ... •012 •200 •173 •097

15 ... •37 •220 •140.

16 ... ... ... ... • • • •118

17 •06 • • • ... • • • •113 ...

18 ... ... ... ...

19 ... •170 •17 ... ... •633

20 '•79 •204 402 336 -840 1-335

21 1-67 •904 4-88 966 2-505 •895

22 1^55 •900 -45 1 012 1-510 •267

23 •31 •430 082 •178 ...

24 ... . > • • • • . , ...

25 105 •393 2-38 660 1-660 3-612

26 4-83 2240 7-52 3 730 3160 •062

27 •09 •065 100 254 •042 -473

28 •37 •440 ... 036 •492 -903

29 130 •689 ... 300 1-945 •470

30 •75 •427 3-01 -740 1180 •428

18-88 11-396 35-31 13-838 21^408 14^441

The general results, as shown in these tables, may be pointed out as briefly

the following :

—

1. A prevalency of south-west winds.

2. The annual temperature very slightly in excess of the mean.

3. The atmospheric pressure very slightly below the mean.

4. The number of rainy days slightly in excess, and varying at the different

stations, and in no regular ratio with the quantity of rain.

* The gauge at Seathwaite, I have been informed, was not examined daily, only on the days

specified in the table. As observations were made on the 25th, 26th, and 27th, there can be no

doubt respecting the correctness of the amount, 7'52 inches, during the twenty-four hours.

In the preceding table, the number of rainy days at Seathwaite is given as the same as at

Keswick, where a strict account was kept. It is believed by those acquainted with the two localities,

nine miles only apart, that when there is rain at Keswick there is a certainty of rain at Seathwaite.
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5. The total amount of rain greatly in excess ; the excess, with few excep-

tions, increasing towards the higher mountains of the district, and especially at

Seathwaite in Borrowdale, a spot nearly central amongst them.

This excess of rain at all the stations, I may remark, has not only been con-

siderable, but even unprecedented. Mr John Dixon, the observer at Seathwaite,

states, that there the quantity registered has " exceeded any former year, for the

last fifteen years, by 22 inches,"—this period comprising, I believe, the whole time

that a record of the rain fallen has been liept there : and from Mr W. Rumney,

in the employ of James Garth Marshall, Esq., I learn that the rain-fall this year

at Coniston is as much as 23 inches in excess of the average of the last twenty-

five years.

I need hardly remark that such an excess of rain, especially the fall in

November, was productive of floods. These, though they occasioned some

damage, have been less destructive than might have been expected, probably

owing to the peculiar features of the country, the many receptacles for water,

such as the lakes afford, and the ready discharge of water, where there are

no lakes, through well worn and deep water-courses : moreover, the agricul-

tural character of the district—so much of it pastoral, so little of it broken up by

the plough—may have been another safeguard.

A rainy, cool season, is commonly a healthy one. This year has not, I believe,

been an exception. The liealth of the inhabitants generally, from all I can learn,

has been equal to, if not above the average. I have not heard of any unusual

sickness during the months of most rain, except at Keswick and at Bowness, at

each of which I am informed typhus or typhoid fever has prevailed, and has been

in several instances fatal. The occurrence of the disease in both has been attri-

buted, and probably justly, to neglected drainage, and to the neglect of other

sanitary measures, in Keswick especially, in the lower part of the town, which is

subject to being flooded. I shall now proceed to my main subject.

The observations which I have made on the composition of rain-water were

begun in August 1 860, and, with occasional interruptions when from home, have

been continued up to the present time—and this daily, whenever there has been

any rain.

Two methods have been employed in conducting them, one microscopical, the

other chemical.

First, Of the Microscojncal—These observations have been made either on

single drops of rain, or on two or three collected on a glass-slide, and evaporated

to dryness at a low temperature, and, as soon as dry, subjected to the micro-

scope, using an object-glass either of one-eighth, or of a quarter of an inch focal

distance. Oftener, however, a larger quantity of rain-water has been employed,

taken from the rain-gauge, viz., one or two measures, the measure holding

twenty-five grains of water, which has been evaporated in a watch-glass, and

VOL. XXIII. PART I. Q
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when reduced to a drop or two, has been poured on a glass- slide, and reduced to

dryness in the same manner as the first mentioned.

Secondly^ Of the Chemical.—The rain used in these trials has always been

collected in the rain-gauge. The ordinary test employed has been a solution of

nitrate of silver, the extreme delicacy of which is so well known. And, besides

its great delicacy, it has the advantage of taking effect immediately. It has com-

monly been used without any concentration of the rain-water by evaporation.

Occasionally the whole, or the greater portion of the rain collected in the gauge

during the twenty-four hours, has been reduced by evaporation to a small volume,

and in this state has been made the subject of experiment.

The rain-gauge, it may be mentioned, is of copper, both the funnel and the

vessel the recipient. It stands about 2\ feet from the ground on a grass-plat in

the garden adjoining my house, which is about a quarter of a mile in a northerly

direction from the village of Ambleside, and is about 140 feet above the sea-level,

and about 30 feet above Windermere.

Having premised thus much, I shall now give some of the results, and in the

order just sketched out.

^st, Of the Rain-drops.—I shall describe from my notes, taken at the instant

the observations were made, a certain number of these results, specifying the

kind of weather which prevailed at the time. They are at least recommended

by their simplicity, and from being free as much as possible from any source of

error. I shall begin with one which was obtained before I entered regularly on

the inquiry.

1. June 2, 1858.—The sky, at 1 p.jl, after a fine early morning, became

unusually overcast with dark clouds, producing an obscurity exceeding that

occasioned by the then last eclipse, that of July 1851. Some rain fell in large

scattered drops. A few were collected on a glass-slide. They left, when evapo-

rated, a circular stain, distinguishable by its greyish hue, most strongly marked

in its marginal outline. Under the microscope it was seen to consist of dark

particles chiefly ; they were of irregular forms, like soot particles, and intermixed

with them there were some minute crystalline groups.

2. On the 30th August 1 860, after a fall of 'OO inch of rain during the preced-

ing twent3''-four hours, the wind westerly and strong, there were occasional

showers in large drops. A few of these drops, evaporated on a slide, exhibited

under the microscope a delicate crystallization. Drops from another shower

during the day showed the like crystallization, with which was one crystal, a

cube, like that of common salt, and about s J oth of an inch in diameter.

3. September the 1st.—Showery; the wind from the same quarter; the rain-

drops smaller than those of yesterday. Some of them leave no stain on glass

;

some only a just perceptible stain.

4. September the 6th.—During the night a slight shower ('Ol inch). Rain-
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drops collected in the usual manner, left a circular marginal stain, conspicuous

to the unaided eye. Under the microscope it was seen to be formed of minute

crystals, of numerous granules, and of many spheroidal particles like pollen.

5. Septembei' the 8fh.—Slight rain in the afternoon, the morning overcast

;

•06 inch of rain only during the preceding twenty-four hours. A few drops, col-

lected just after the rain began, left only a just perceptible stain, in which, under

the microscope, there was no appearance of crystals, but merely of fine particles

(dust particles?), and other particles, from their form conjectured to be of

pollen.

6. September the 10th.—This morning there was much dew on the grass. A
few drops of it collected on a glass-slide, showed no crystals, only many particles

like those of pollen.

7. September the lUh.—The wind S.W. and strong; the sky overcast with

dark drifting clouds ; showers frequently. The rain-drops left a well-marked

stain, and under the microscope a marginal crystallization was seen very like

that of muriate of ammonia. An hour later the drops collected yielded a similar

stain, but less strongly marked. Later still in the day, the drops collected—these

larger than the preceding—left a strong stain, in which were seen some cubical

crystals like those of common salt, two or three spearhead-shaped, and others,

which were more like muriate of ammonia crystals.

9. September the 22d.—Yesterday fine, the wind northerly and gentle ; -33

inch of rain during the night. Some drops of rain then collected left a faint

marginal stain, in which were a few minute crystals.

10. October the 5th.—A drop of rain from a brief shower left a distinct stain

in which were many crystalline forms, some cubic, some dagger-like, some

arborescent.

11. October the 16th.—During the preceding twenty-four hours 2-07 inches of

rain; the wind still westerly; showers now (10 a.m.) of heavy drops. Some

drops collected left no stain. Five hours later, viz. at 3 p.m., the result was dif-

ferent ; drops equally large left a well-marked stain, in which were seen stellate

and dagger-like crystals.

12. January the 26th, 1861.—During the twenty-four hours -20 inch of rain

;

the wind southerly, and unusually strong. A rain-drop left a distinct stain, in

which were some cubical and stellate crystals.

13. June the 23d.—During the night '01 inch of rain, the wind N.E. and gentle;

this morning a slight shower of heavy drops. One collected left a distinct stain,

in which were visible two or three stellate crystals, one cubical, bluish, and many
granules.

14. Juhj the 2d.—During the last twenty-four hours '19 inch of rain ; cloudy,

showery, the wind N.W. A drop of rain collected left a marginal stain, chiefly

granular.
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15. November the Ith.—During the last twenty-four hours -05 inch of rain

;

the wind northerly ; sky overcast ; showers. A rain-drop left a just perceptible

marginal stain, which w^as of a brownish tinge, and was darkened by exposure to

a charring heat.

These results may suffice to show the use of the microscope in this inquiry.

I shall defer any remarks on them for the concluding parts of my paper.

Of the results obtained by the use of the nitrate of silver, which was so con-

stantly employed, I must limit myself to a brief account ; and, as in a large

number of instances a portion of the water tested—a measured portion, such as

that specified—was evaporated for microscopical examination, it will be proper

to conjoin a notice of the results thus obtained.

The following is a classification of the results, according to the degree of effects,

that is, of cloudiness and precipitation, by means of the nitrate of silver. The

trials made were 217 in number.

1. In 10, there was no visible effect.

2. In 29, the effect was just visible.

3. In 70, it was slight, and very slight.

4. In 57, it was moderate.

5. In 43, it was considerable.

6. In 8, it was strongly marked.

The circumstances as to wind and weather under which these results were

obtained, were of course extremely various, nor were they always well defined in

relation to the effect. I shall offer a few brief comments on each class.

1. The ten instances in which no effect was visible, the rain-water remaining

perfectly clear after the addition of the solution of nitrate of silver, afford a

striking example of the remark just made. In the larger number the atmosphere

was calm, the quantity of rain small ; in the smaller number there was a con-

siderable fall of rain ; the wind was gentle or moderate, and from the N.W. ; in

one instance it was strong and from the south, and accompanied with much rain.

Though no chlorine or other substance was present appreciable as a precipitate

by nitrate of silver, jQt in one or two trials there was a slight discoloration of

the water produced after exposure to light, indicative of the presence of organised

matter. And in two or three instances that a portion of the water was evapo-

rated, a residue or faint stain was obtained, which in one, as seen under the

microscope, consisted of extremely minute granules ; in the other two, of granules

and of delicate stellate crystallisations.

2. In the twenty-nine instances in which the effect was only just visible, the

circumstances of weather were even more various than in the last. Most fre-

quently the wind was from the N., N.E., or N.W., and oftener gentle than strong,

and with little rain. The water, when evaporated, yielded commonly a stain or

residue very similar to the preceding.
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3. In the seventy instances of the slight, and very slight effect, the wind was

nearly as often from the south as from the north, and from the S.W. as from the

N.W., and in point of strength was more frequently gentle than strong, or even

moderate. The portions of water evaporated afforded a stain somewhat more

strongly marked than the preceding, and, on the whole, more frequently and dis-

tinctly crystalline.

4. In the fifty-seven instances of moderate effects, the prevailing winds were

S.W. and S., and most commonly gentle ; a few times the atmosphere was calm

and misty. The water evaporated left a stronger stain than the preceding, and

with more variety of crystalline forms, of which the cube, like that of common

salt, was mostly one, and often a crystallization resembling that of muriate of

ammonia.

5. In the forty-three instances in which the effect was considerable, the wind

was almost invariably from the W. and S.W., and either strong, or blowing in

gusts, in squalls, and was accompanied by all degrees of rain. The water evapo-

rated yielded a still stronger stain or residue than the last, but of nearly similar

composition, judging from the crystalline forms.

6. In the smallest number of instances, the last class, in which the effect was

most strongly marked, the wind was chiefly from the W. and S.W., seldom from

the N. or N.E., and was almost constantly very strong. The residue obtained by

the evaporation of a portion of the rain-water was most considerable of all in

quantity, and in variety and distinctness of the crystallization.

I may remark, generally, that in all the instances in which the residue was

well marked, there was a partial deliquescence of the crystals when exposed over

night to a damp air, those remaining being commonly minute prisms or plates

;

moreover, that when a drop of muriatic acid was added, the appearance of the

crystallization indicative of muriate of ammonia was increased ; and further, that

when the slide of glass holding the residue was exposed to a charring heat, there

was almost constantly a darkening effect, demonstrative of the presence of organ-

ised matter. I may add, that there was no well-marked difference in the results,

so far as I could judge, when hail or snow were thawed and subjected to the

same trials, the effects of the nitrate of silver seeming to be influenced more by

the direction of the wind, and its strength, than by any other appreciable circum-

stance. As regards the seasons of the year, the effects appeared to be generally

most distinct during the winter months, when gales were most prevalent, and

the wind accompanying the rain was chiefly from the W. and S.W.

I have next to state the results which were obtained by evaporating and test-

ing, when reduced to a small volume, comparatively large portions of rain-water,

each the amount of rain-fall collected in the gauge during twenty-four hours.

The first portion that was examined was the greater part of that which was
found in the gauge in the morning of the 26th November, and which had fallen
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during part of the preceding day and night—that is, in somewhat less than twenty-

four hours. The wind was mostly S.W. and strong, and that there was a gale at

sea was denoted by the presence of gulls in the valley. The temperature of the

rain-water, as poured from its receptacle, was 48^ The effect of nitrate of silver

on it, employed in the usual manner, was moderate. Two measures—that is 50

grs.—evaporated, left a well-marked stain, in which, under the microscope, were

to be seen a few cubic crystals, a slight arborescent crystallization, and many
granules. Of the whole 4*83 inches, a portion equal to -23 inch was used in these

preliminary trials. The remainder, viz., 4 60 inches, were divided into two por-

tions,—a larger, 330 inches, equal to about 578 pints ; and a smaller, 1-30 inch,

equal to about 2-46 pints. The first was evaporated without any addition. To

the second, before evaporation, a drop of muriatic acid was added.

The first was reduced to 356 grs. This was found to be of specific gravity

10-017. A part of it was expended in test-trials, the results of which were the

following :—A slight acid reaction, and an indication, using appropriate tests, of the

presence of muriatic and sulphuric acid, of soda, lime, and magnesia, with a trace

of alumina, phosphoric acid, and copper. The second was reduced to 200 grs.

Evaporated to dryness in a weighed capsule, it yielded a residue of *45 grs., of

a light brown hue. Heated in a glass tube it became blackened, charred, and a

fine sublimate was condensed in the upper part of the tube ; this, seen under the

microscope, had a delicate crystalline appearance, like that of muriate of ammonia,

and had no alkaline reaction, until a few drops of liquor potassae were added,

when there was a decided production of ammonia, a fume appearing on the

approach of muriatic acid properly diluted, and a slip of litmus paper reddened,

recovering its blue colour when put into the tube.

The smaller portion of the rain-water, that which slightly exceeded two

pints, to which the drop of muriatic acid had been added, was evaporated until

reduced to 94 grs. A drop or two of this, evaporated to dryness on a glass

slide, left a residue in which cubical crystals, like those of common salt, were

most numerous, intermixed with which were a few prisms like those of phosphate

of lime, a few tabular ones resembling those of sulphate of lime, and others like

muriate of ammonia in its crystallised state, and there were stellate and dagger-

like crystals amongst them. This smaller portion, so reduced, subjected to the

same tests and trials as the larger, afforded similar results, with the exception,

that there appeared to be more muriate of ammonia present, leading, of course, to

the conclusion, that the rain-water contained a little carbonate as well as muriate

of ammonia. After exposure to moist air, all the crystals described deliquesced,

with the exception of the plates and prisms, and those of a stellate form.

Several other specimens of rain-water, these varying in volume from one to

two and three pints, have been evaporated, until, like the preceding, they were

reduced to a small quantity and then tested. The results were chiefly the fol-
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lowing :—When nitrate of silver, in the first instance, produced a distinct effect,

then the results were very similar to those last described, showing a predomi-

nance of common salt and of magnesian salt. When, on the contrary, nitrate of

silver had little or no effect on the unconcentrated water, then the results were

marked chiefly either by the entire absence of common salt, or by an only just

appreciable presence of it, and by the presence of lime and ammoniacal salts. In

most instances the evaporated water showed an acid reaction, and afforded proof

of the presence of sulphuric acid ; and in most there was a trace of copper,

derived, it must be inferred, from the gauge, and owing probably to the action of

the acid existing in the rain.

What are the inferences that may be drawn from these observations and

experiments ?

1st, Do they not seem to accord in this, that rain-water, such as falls in this

part of England, is rarely, if ever, perfectly pure, but contains something almost

constantly—indeed, may it not be said constantly—derived either from the sea or

land, from town or country ?

2d, That when the wind is from the sea, and especially when it is strong,

the ingredients most predominant in the rain are those which exist in sea-water,

the same that washes our shores ?*

2d, That during a calm state of the atmosphere, or with a gentle wind, and

from the N. or N.E,, rain-water is least impregnated with foreign matter

—

least with those likely to be derived from the sea—more with those likely to be

derived from the land, and especially from our great manufacturing towns, such

as ammoniacal salts, salts of lime, organised matter, and soot the matter of

smoke, itself very compounded ?

If these inferences are borne out by the results, are they not in accordance

with the nature of the atmosphere, considered as the great receptacle of all

matters volatile, and of all such as are capable, when in a very finely divided

state, of being mechanically diffused by the action of the winds ?

Facts in proof of such diffusion of matter by the winds are so well known as

not to require being insisted on. I shall briefly advert only to a very few. After

severe gales, common salt has often been found deposited in a quantity so con-

siderable, as to attract the attention of ordinary observers, and this more

than fifty miles from the nearest sea, even in parts of our midland counties

most remote from our shores.! Volcanic dust, and dust from the deserts of

* Sea-water which I have examined, taken from the neighbouring sea, I have found to contain,

besides the ordinary ingredients of sea-water, lime in a notable quantity, some alumina and sulphuric

acid, and traces of ammonia and phosphoric acid.

j" I have been informed by a friend residing at Meltham Parsonage, and by another residing at

Armitage Bridge, both places in the neighbourhood of Huddersfield, and about eighty miles from
Scarborough, and about sixty from Liverpool, the nearest ports of the opposite coasts, that after

the great storm of January 1, 1839, salt was observed deposited on the leaves of the trees at both

places ;—they were about four miles apart.
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Africa,* have fallen over vast tracts of country, at almost incredible distances from

their source, and have occasionally been conveyed by upper currents of air, blowing

in a direction opposite to that of the prevailing winds.f The smoke which is poured

out in such large quantities from the innumerable chimneys in our great manu-

facturing towns is of wide range, often reaching the Lake-District, and indeed it

may be said normally, so as to occasion the discoloration of the fleeces of the

flocks on the higher fells, and not unfrequently to appear as a film on the sur-

face of our lakes and tarns4

In relation to the economy of nature, this diffusion of matter by the agency of

the winds and by means of rain, cannot but l)e of importance ; nor, is it, I ap-

prehend, without interest as concerns the works of man. It seems, as it were, to

establish a circulation of matter, associated with that of the circulation of water,

thereby bringing back in part to the land what has been abstracted from it by

water, in its descent to the sea ; and thus tending to prevent the exhaustion

of soils which are not artificially manured, and which, in wild pastoral dis-

tricts, such as our downs and fells, are constantly being depastured. It may help

to account too, not only for the continued growth of herbage in the situations

just mentioned, during an indefinite term of years, but also for the growth of

trees and shrubs unaided by manure, and which is so rapid in the Lake District,

where the rain-fall is so great.

As regards the w^orks of man, the influences of rain, referrible to its contents,

seem to be all rather of an unfavourable and destructive, than of a beneficial and

preservative and restorative kind ; as tending to promote the disintegration of

stone employed in building, of which there are so many striking examples ; and

also the decay of wood, and of all tissues, whether animal or vegetable, used in

the arts, to which rain has access § On metals too, on all such as are liable to

* On the 15tli May 1830, there was a remarkahle shower of dust, supposed to have come from

the African Coast, which fell over a vast extent of the Meditei-ranean ; it was witnessed ahout the

same time of the day at Malta, Sicily, and Sardinia. An account of it is given in my " Notes on the

Ionian Islands and Malta," vol. i. p. 300.
j" An instance of this kind occurred during the last eruption of the Souffi'iere Volcano, in

St Vincent, on the 30th April 1812. Although Barbadoes is sixty miles to windward, volcanic dust

on that day, carried by an upper current, fell over the whole extent of the island, and was so dense

in falling, as to produce the darkness of night at mid-day, and was in so large a quantity, that I saw

remains of it in the soil, where it had not been disturbed, when I was there, thirty-six years after

the event.

I In No. 73 of the " New Edinburgh Philosophical Journal," there is a notice which I com-

municated, relative to this sooty deposit ; and in the same paper, I mention, that after Baron

LiEBiG, I found ammonia in rain-water, but never, as he did in Germany, obtained any traces of

foecal matter.

§ If a wall for example, one such as I have watched, is not strongly impervious to drifting rain,

that portion of rain which penetrates and reaches the inner surface will there evaporate and leave

its saline contents,—these always accumulating, and, from their tendency to deliquesce, from attract-

ing moisture, must render the surface almost perpetually damp,—a state equally favourable to the

decay of paper-lining, and to mildew-growth.

In the West Indies, at Barbadoes, I have witnessed a like accumulation of saline matter derived
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oxidate, rain, especially when acid, which it so commonly is, cannot but have

effect, and that of a destructive kind, by promoting rust.

In this admixture of the beneficial and the injurious, of the restorative and

destructive, we have only another exemplification of Nature's agencies, the

balance in them generally, as in these specially, turning, we believe, in favour of

the good.

In conclusion, may I venture to express the hope, that this inquiry will be

further prosecuted, and in many different and distant stations, near to and

remote from the sea, hardly doubting that results will be obtained which, what-

ever they may be, can scarce fail to be instructive, and which possibly may
throw light on effects, especially of the nature of blights and miasmata, of which

our knowledge at present is chiefly confined to the diseases which they produce.

from the air, even where no rain could penetrate ; for instance, on mosquito-curtains, in an inner bed-

room, merely well ventilated. In my work " On the West Indies, before and after Slave Emanci-
pation," I have pointed out the tendency to decay from climatic agencies as one of the causes of the

neglect of the fine arts in those colonies.

Lesketh How, near Ambleside,

February 8th, 1862.
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VII.

—

On the Structure of the Chondracanthus Lophii, with Observations on its

Larval Form. By Wm. Turner, MB. (Lond.), F.R.S.E., and H. S. Wilson,

M.D., Demonstrators of Anatomy in the University of Edinburgh. Plate III.

(Read 20tli January 1862).

The very curious Parasitic Crustacean, the structure and larval form of

which we propose to consider in the following communication, we obtained in

the month of August last, in considerable numbers, in the branchial pouches of

a Lophius piscatoriiis, which we captured at Whitby in Yorkshire.

The attention of naturalists appears to have been first directed to this species

of Chondracanthus by Dr George Johnston, of Berwick, in a short paper, illus-

trated by drawings of its external form, which was published in Loudin's

Magazine of Natural History.* Very shortly afterwards the Danish naturalist

Kroyerj described the animal, and evidently being unaware of Johnston's brief

notice, applied to it the name of Chondracanthus gihhosus. Cuvier^ had, however,

in the Regno Animal, 1829, figured, though somewhat roughly, under the genus

Chondracanthus, an animal bearing a considerable resemblance to the form now

under consideration, but he did not apply to it any specific name. Rathke,§ in

1840, published the most complete account of the structure of the animal that

had up to that time been recorded. His description comprised the internal and

external anatomy of the female, and partially of the male. In the same year

Milne Edwards
||
placed, in his classification of the Crustacea, the species Cho7i-

dracanthus gihhosus of Kroyer, along with the Chondracanthus Delarochiana, a

species found by De la Roche on the Tunny, and with these he classed the

Lernentoma Dufresnii of De Blainville. In 1847 Mr W. Thompson^ stated that

he had obtained this parasite from specimens of the Lophius caught in Dublin

and Belfast Bays in 1839 and 1841. Van Beneden,** in 1851, gave a brief

* 1836. Vol. ix. p. 81. Paper dated December 23d, 1835.

t Natur. Tidskrift, p. 252, bd. i. Hef. iii. 1836. Oken's Isis, 1840, p. 738.
+ Vol. V. pi. 15, fig. 3.

§ Beitrage sur Fauna Norwegens. Nov Act., vol. xx., 1843.

II
Hist. Nat. des Crustaces, vol. iii. p. 499.

*If Annals of Nat. Hist., vol. xx. p. 248.
** Recherches sur quelques Crustaces Inferieurs. Ann. des Sciences Nat., 1851, p. 104.

vol. xxm. part l t
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description of the parasite. The most lengthened account of the animal, which

comprises a description of the male and female, and for the first time, of the

larval form, has been recently given by Claus.*

As there are various discrepancies of statement in the descriptions of the

above authors, and as we have been able more fully to elucidate several points in

the anatomy of the animal, we have been induced to place an account of it before

the Society. Owing to the diverse forms presented by the female, the male, and

the larva, it will be necessary to consider them under separate heads.

Female.—Average length of body fths to \ inch, greatest breadth, |th of inch.

Body elongated, capable of division into a cephalic, thoracic and abdominal part.

Ventral surface concave. Dorsal surface convex, especially when the animal is

irritated during life, when it throws its back into a highly arched form.

Cephalic part about ^th the size of thoracic. Length and breadth nearly

equal. Like the other divisions of the body, it has a perfect bilaterality. On

each lateral half of the dorsal surface of the head is a chitinic plate, which,

reaching inwards to the dorsal mesial line, forms, by apposition of its margin to

that of its fellow, a well-marked chitinic rod, which extends as far as the anterior

margin of the head. From each side of the head a short process projects back-

wards and outwards.

To the anterior margin of the head two well-marked processes, or antennae,

are connected (fig, 1, 2, 5, a). Each arises immediately on one side of the

middle line by a constricted peduncle, beyond which the antenna expands into

a much broader portion, flat on the dorsal, convex on the ventral aspect, which

passes outwards, and then, diminishing considerably in size, bends slightly back-

wards, and terminates in a bluntly conical extremity. The antenna presents,

towards its free end, two slightly marked constrictions, which would appear to

indicate its division into three segments. Springing from the two distal seg-

ments are several stiff conical hairs, the central part of each of which may
be seen, through the transparent chitinic covering, to be continuous with the

parenchymatous substance of the antenna (fig. 3). It is possible that these

papilla-like hairs may serve the purpose of touch organs. Situated immediately

behind the antennae, and arising quite from the ventral aspect of the head,

are a pair of hook-like processes, which are important, because it is through

them that the parasite attaches itself to the branchial membrane of the fish

which it infests. Each hook possesses a very well defined, highly curved form,

the convexity being directed outwards, the point inwards (fig. 4, a, b). In

shape it represents a three-sided pyramid, with the angles rounded. It is

* Ueber der Bau und die Entwickelung Parasitisclier Crustaceen, Cassel 1858.

Synonyms :

—

Chondracanthus Lophii, Johnston^, Rathke. Ckondracanthus gibbosus, Kroter,

W. TnaMPSON, Van Beneden, Claus. Lernentoma Lophii, Baird.
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divided by a slight constriction into two parts—a terminal hook and a basal

shorter portion. It is attached to the ventral aspect of the animal by a very

peculiar arrangement, which is worthy of special notice. On each side of the

middle line of the ventral aspect at this spot is a triangular stage or frame,

the sides of which are formed of bands of chitin, and the inner angles of which

meet in the mesial line. To the whole of the outer, and the adjacent parts of

the anterior and posterior sides of this frame, the basal segment of the great

hook is closely connected ; but to the remaining portions of these sides it is

attached by a loose piece of integument, so that, when the hook moves inwards

to the mesial line, i. e., when the inner angle of its basal segment is depressed,

the integument at this spot has a plicated appearance ; on the other hand, when

the hook moves outwards, it is put on the stretch. The movements of the hook

are regulated by transversely striped muscles : the one attached to the internal

angle of the basal segment—the flexor muscle—being more strongly developed

than the external, or extensor, muscle. The outer coat of the hook is hard, and

even brittle, from the quantity of chitin substance which enters into its com-

position.

Situated behind the hooks, and at a short interval from them, are three pairs

of well-marked foot-jaws (fig. 5, c). Immediately in front of the bases of the

first pair of jaws, and consequently placed between them and the hooks, is a

transversely oval opening, the mouth (tig. 5, s). It appears to a great extent to

be overlapped by a fold of skin, which passes backwards from the framework of

the hooks. When the hooks are approximated to the jaws, this fold of skin

completely conceals the oral aperture. Rathke states that the mouth is situated

upon a small snout-like elevation. In our various specimens we were unable

to see this proboscis, which may probably be accounted for by the fact, that

when we proceeded to examine into the anatomy of this part of the animal, it

had been for some time in spirit, the snout perhaps only being projected at the

time when the animal is sucking. Van Beneden and Glaus, again, appear to

think that the mouth is surrounded by the jaws ; but repeated observations have

convinced us that this opening is situated in front of the first pair, though perhaps

slightly between their bases.

The three pairs of jaws are situated a little to the outer side of the middle

line, one behind the other, in regular order. The first and second pair are so

close together that the first is partially overlapped by the second. The third, on

the other hand, lies at a greater distance from the other two, and somewhat

further removed from the middle line. Each of the first pair (Mandibles,

Rathke) consists of two segments, a basal, short and thick, and a terminal,

on which the cutting apparatus is placed (fig. 6, c). The terminal part is

formed of two chitinic plates, which are blended together by their anterior

margins; the posterior margins are separated by a longitudinal furrow, and
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fringed with a number of short, closely-set teeth. The plates gradually come

to a point at their free extremity. The basal segment has a well-marked tubercle,

bearing two or more conical papillae projecting from it, close to its junction with

the terminal segment.

Each of the second pair of jaws (Maxillae, Rathke) also consists of two

segments (fig. 6, d). The terminal is formed of but a single thick plate, which,

very slightly curved, comes to a fine point at its free end, and bears upon its

posterior margin a row of closely-set pointed teeth, somewhat longer and more

pointed than those of the first pair. The basal segment is longer than that of the

first pair, and supports an elongated body, pointed like a style, which, like the

terminal part of the jaw, projects towards the ventral mesial line. A short

stunted papilla, corresponding in its character to those of the first pair of jaws

and of the antennie, projects from the base of the style.

Each of the third pair of jaws (Kieferbeinen, Rathke), much longer than the

first and second, consists of three segments (fig. 6, e). The terminal segment is

formed of a chitinic plate, pointed at its free.end, and totally devoid of teeth. It

articulates with the middle segment, which is partially embraced by a peculiarly

folded chitinic plate, having on its firee margins a row of bristle-like projections.

It would appear as if the middle segment, by the contraction of the muscular

apparatus connected to it, could, together with the base of the terminal seg-

ment, be drawn between the laminse of the folded plate. The basal is the

largest of the three segments. It contains two muscles, a flexor and an ex-

tensor, for the movement of the second segment upon it.

The cephalic is separated from the thoracic part by a constricted portion,

which, for descriptive purposes, we may term the neck (fig. 1, t), but which,

morphologically, is probably to be regarded as the first thoracic segment, for the

first pair of limbs is connected to its under surface. The thoracic part consti-

tutes by far the largest division of the animal. Projecting from its dorsal and

ventral surfaces, and from its sides, are a number of processes, which give to the

animal its characteristic appearance. The lateral processes form lappet-like pro-

longations. On each side they are five in number, and consist of two pairs and

a terminal single process. The two processes in each pair consist of a larger

anterior lappet extending downwards and backwards, and of a smaller posterior,

upwards and backwards. The terminal lateral process passes also downwards

and backwards, and, with its fellow on the opposite side, gives to the animal

the peculiar forked appearance which distinguishes it posteriorly. The sides

of the thorax, immediately behind the origin of the smaller posterior lappet of

each pair, present two slight constrictions, which would appear to indicate its sub-

division into three smaller segments ; if to these we add the neck, four thoracic

segments are indicated. The dorsal mesial processes we find to be seven in

number ; and in this particular we agree with the earlier observers, Johnston
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and Kkoyer. Rathke and Van Beneden have described only five ; but it is

probable that they had not examined fully formed individuals. Of these processes

four are much larger than the other three. Of the four large processes, the first

springs from the anterior margin of the second thoracic segment (the neck being

regarded as the first), the next two from the constrictions indicating the com-

mencement of the third and fourth segments, and the fourth from the extremity

of the fourth segment, from its attachment to the termination of which it pre-

sents the appearance of a tail. The three smaller processes arise intermediate to,

and are overlapped by, the larger processes when the animal is seen from the

dorsal aspect. The ventral mesial processes are only two in number, and corres-

pond in their position on this aspect to that of the second and third larger pro-

cesses on the dorsal aspect. Attached also to the ventral surface are two pairs of

feet (figs, 1, 2, dd). The first of these springs from the under surface of the neck

close to its junction with the head. It is situated a short distance behind the

last pair of foot-jaws. Its outer margin extends obliquely forwards towards the

cephalic lateral process, whilst the inner, much shorter, is continuous with the

corresponding margin of the opposite foot. The second pair arises farther back

from the posterior part of the second thoracic segment. Like the first pair, their

origin is oblique, so that the outer margin extends as far as the root of the great

lateral process of this segment, the inner being in close relation to the first ventral

process. Each foot is unequally bifid at its extremity, and presents, in addition,

four small tubercular elevations.

The abdominal portion (fig. 2, g, fig. 8), very small, is situated between the

last lateral thoracic lappets, and is overlapped by the last dorsal mesial process.

It is distinctly divided into two segments, the proximal of which has connected

to its sides the two long strings of eggs (fig. 8, m) ; the distal projects between

these strings, and constitutes the true posterior end of the animal (fig. 8, n).

Attached to the sides of the ventral aspect of this terminal segment are two small

papillae, each of which is provided with a bulbous base.

The alimentary canal commences at the mouth, and extends down the axis of

the cavity of the body (fig. 2, 7). It varies somewhat in length. In one specimen

we saw that it passed as far as the posterior end of the last thoracic segment, and

sent its lateral terminal coeca for a short distance into the lateral terminal lappets

of that segment. In another specimen the canal did not pass more than half way
down the last thoracic segment. In others,, to distances intermediate between

these extremes. The mouth opens into the oesophagus, which is a short tube, the

walls of which are almost free from dilatations, and the cavity of which is gene-

rally empty. The rest of the canal lies in the thoracic segment, and possesses

on its sides three pairs of distinct coeca, one pair being situated in each of the last

three thoracic segments. The canal between the first pair of coeca and the oeso-

phagus is much wider than the last-named part of the tube. The contracted

VOL. XXIII. PART I. u
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portions which connect the different pairs of cceca vary in length in dif-

ferent animals. The canal ends posteriorly in a blunted, rounded cul-de-sac,

which lies between the last pair of coeca. This small terminal part Rathke has

described as an intestine ; and he considers that it opens externally by an anus.

We have looked in vain for such an opening, and must therefore conclude that it

does not exist, a conclusion to which Claus also had arrived. Moreover, it is quite

possible to remove the whole alimentary canal from the visceral cavity, so as to

see clearly that it has no connection with the surface except at the oral aperture.

The wall of the whole of the canal, except the oesophagus, presents a number of

small dilatations, which give to it a very irregular aspect. These are formed by

the protrusion of the lining membrane of the gut between small polygonal spaces

due to the crossing of the longitudinal muscular fibres of the canal by transverse

and oblique fibres. We could not see any indications of transverse markings

in these fibres, although Claus states that he has seen distinct striations in

them. A quantity of (by transmitted light) dark brown granular matter is

contained in the canal, especially in the dilatations on its walls.

We cannot say anything definite from our own observations as to the existence

or position of a heart, although Rathke describes as such a thin canal, pointed

at both extremities, situated just behind the neck. During an examination of a

living specimen, we thought we observed, on one occasion, a movement in the

interior of the margin of the fourth thoracic segment, which might be due to a

circulatory fluid. Rathke also describes on the abdominal aspect two nen^ous

cords with proportionately large ganglia, but we were unable to detect any such

structures. The animal possesses a very complete muscular apparatus for the

movement of the antenna^ hooks, jaws, and limbs; and in addition muscular

bundles extend in a longitudinal direction along the ventral and dorsal aspects,

especially the former. The fibres possess a delicate but ver}' distinct transversely

striped appearance.

A complicated system of branched and communicating tubes is situated on

each side, in the visceral cavity of the animal, external to the alimentary canal.

This tubular arrangement is the ovary. It extends not only into the lateral pro-

cesses from the sides of the thoracic portion, but even into the dorsal and ventral

median processes and into the thoracic feet, all of which are hollow, and commu-

nicate with the interior of the visceral cavitj^ Some of the tubes commence

by rounded, others by finely pointed ends (fig. 10). Many exhibit a very con-

voluted arrangement. They open on each side into a tube which runs parallel

to the intestine, and which is more or less concealed by the gut. This tube is the

oviduct, and it extends backwards as far as the proximal segment of the ab-

dominal division of the animal, where it opens. The opening is protected by a

chitinic plate, folded inwards on itself towards the mesial line. This folded plate

has very much the appearance of a bivalve shell. Just before it opens, it is
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joined by a wider tube, the cement-preparing gland (Kitt-organ), which extends

for some distance forwards. It was traced almost to the neck ; but its exact

mode of termination anteriorly could not be satisfactorily ascertained. It lies

close to the lateral margin of the thorax, but does not pass into the lappets

(fig. 2, h). In the anastomosing branches of the ovary, numerous ova are

situated, either in single or double rows. In the great majority of our speci-

mens, a long and somewhat spirally twisted string of ova extends backwards

from the genital aperture on each side. The ova are contained in a tough, homo-

geneous substance, Avhich not only gives to each ovum a specific investment, but

forms for the whole a common continuous envelope. It appears to constitute a

distinct membranous tube, subdivided into numerous spaces for the ova, but it

is probably formed of the secretion of the cement gland, which gives to each

ovum a distinct investment as it passes out of the genital orifice, so that, as the

number of extruded ova increases, the length of the string necessarily increases.

By it they are kept in connection with the body of the female as long as is neces-

sary for their due development. The ova are crowded together in these strings so

as to form, not one, but several spirally arranged rows.

Male.—Very minute. Not more than ^V^h of an inch in length, and is, com-

pared with the size of female, a mere speck (fig. 14). It is parasitic on the female,

and is connected by a pair of hooks to the posterior end of the body, close to the

genital orifice. Like the former observers, we have never found more than one

male attached to each female. In only one case, recorded by Kroyer, have two

males been met with on a single female. The place on the body of the female

which marks the point of attachment to each other ofthe sexes, possesses a peculiar

structure, which has not been pointed out in any of the former descriptions of the

animal. This structure consistsof a papillary projection from the anterior margin

of the ventral aspect of the proximal segment of the abdomen (fig. 8, r). In its

shape it is very like an intestinal villus, and its surface is covered by elongated,

columnar, epithelium-like structures, which, when highly magnified, present in

their interior an appearance somewhat difficult to interpret ; under some con-

ditions, looking like a nucleus, under others, like a central cavity (fig. 11). , The

structure of this projection is thus materially different from the ordinary chitinic

investment of the female, and offers a substance, softer than it, in which the

hooks of the male are embedded. One may conceive, also, that it is through it

that the male draws its supply of nutriment. The presence of a nipple-like

structure in relation to each genital orifice, would lead one to infer that the

male may be connected to either side of the body of the female ; and it is probable

that he possesses the power of changing his position from one side to the other,

so as to impregnate both sets of ova.

The male is elongated in shape, much broader anteriorly than posteriorly.
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Contrary to the opinions of Rathke and Claus, we find a very definite segmen-

tation of the body, indicated by constrictions on the margin and surfaces, l)y which

it is divided into as many portions as have already been described in the female

(fig. 12, 13). In the male the cephalic part preponderates in size greatly over

the thoracic and abdominal divisions. Connected to the head are a pair of

antennae, a pair of hooks, and three pairs of jaws, which, except in some slight

modifications of the antennae, closely resemble in their form, structure, and

arrangement, the corresponding parts in the female, though on a much smaller

scale. The thorax possesses neither dorsal nor ventral mesial processes, nor

lateral lappets. It is divided into four segments, the first and second of which

have, in connection with their ventral surface, two pairs of feet. These are

more simple than the thoracic feet of the female, and consist of truncated cones

with one or more papillae at their extremities. The abdominal segments ai'e

two in number—the proximal having in it the opening of the male genital

tube, the distal bearing two well-marked tapering papillae, as is the case in

the female. The alimentary canal lies in the axis. It has an oral opening in

front of the bases of the first pair ofjaws, as in the female. The canal is dilated

anteriorly, and tapers somewhat posteriorly. It possesses no coeca. We could

not see an anus. We agree with Claus in the description which he gives

of the generative organs ; but from not having examined the male in the fresh

state, we did not observe the spindle-like spermatozoa which he describes.

Well marked bands of transversely striped muscular fibres are connected to the

jaws and other appendages, and, in addition, dorsal and ventral muscular bands

exist.

Larva.—We have found the ova to present very different appearances in the

ova-strings of the different animals we have examined (fig. 15). In some the

germinal vesicle and spot were visible. In others the contents of the ova consisted

of closely-crowded opaque granules, due to segmentation of the yelk. In the more

advanced forms, which were distinguishable to the naked eye by the pinkish

colour of the strings, further stages in the development might be observed. In

some, a distinctly elongated body was contained, consisting of a mass of large

yelk granules. In others, a little more advanced, indications of limbs might be

seen, whilst at a still later stage the limbs and their divisions were clearly visible.

On various occasions we saw distinct movements, not only of the limbs, but of the

entire embryo within the ovum. When the embryo has reached this stage it

escapes from the ova-string, by a rupture of its thin wall, and of the outer covering

of the ovum ; the process being probably identical with that which has been

described and figured by Von Nobdmann,* in the Ergasilus Sieboldii. We have

* Mikrographische Beitrage, 2d part, p. 13, PI. II., fig. 3. Berlin, 1832.
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seen the embryoes lying in the sea-water still invested by the inner membrane of

the ovmn When the embryo finally escapes from the ovum, its shape, structure,

and appendages may be more clearly examined. The hirva is oval in shape, the

broader end being anterior. Length about iggth of ^^ inch. Dorsal surface some-

what convex. A pair of dark-coloured spots is seen at the anterior end. At

the posterior a couple of fine hairs projects backwards. An aggregated mass of

refracting globules, probably the remains of the yelk, lies in the centre of the

body in what may be supposed to be the intestine.

A series of appendages projects beyond the sides of the larva. The anterior

pair, evidently antennae, are three-jointed, the terminal segment possessing two

hairs projecting from its free end. Behind the antennge, and distinctly arising

from the ventral aspect, are two pairs of swimming limbs. Each limb consists

of a basal and two terminal segments, one in front of the other. Each terminal

segment is furnished with hairs ; the anterior possesses two at its outer end, the

posterior has only one at its outer extremity, but in addition is furnished with

three along its anterior margin, each arising from a papilla-like projection.

Distinct muscular fibres, transversely striped, were seen in the body of the larva,

evidently connected to the basal segment of the limbs. Of mouth and anus we

saw no indications. The further development of the larva we had no opportunity

of tracing.

PLATE III.

—

Explanation of Figures.

Fig. I. Lateral view of Chondracanthus Lophii. The constriction t, separating the cephalic u, and

thoracic parts, the pair of antennae, a, at the anterior part of the head, and the number and

direction of the dorsal and lateral processes, are represented. The two spirally twisted

strings of ova project from the posterior part of the animal. The thoracic feet are indicated

at dd.

Fig. 2. Ventral aspect—a, antenna; 6, hook; c, foot-jaws ; dd, thoracic feet; ee, ventral mesial

processes
; /, posterior end of alimentary canal

; g, abdomen ; h, cement organ.

Fig. 3. Highly magnified view of the distal segment of one of the antennse. The continuity of the

parenchymatous substance of the hairs with that in the interior of the antenna itself is re-

presented.

Fig. 4. Left hook organ

—

i, terminal hook; k, basal portion; I, frame. In A, tlie ventral aspect,

in B, the outer aspect is represented.

Fig. 5. Ventral aspect of cephalic portion. The relations of the antennse a, hooks 6, mouth s,

foot-jaws c, and the origin of the first pair of thoracic feet d, are exhibited. Various muscular

bands for the foot-jaws, and portions of the longitudinal muscles are seen.

Fig. 6. Enlarged view of foot-jaws of left side. C 1st, D 2d, E Zd foot-jaw.

Fig. 7. Alimentary canal, with its lateral coeca and small terminal cul-de-sac. The muscular fibres

in its wall are represented.

Fig. 8. Abdominal portion—m, proximal segment, with its somewhat bivalve-like shape ; n, distal

segment, bearing hair-like papillae ; o, ova-strings ; r, villus-like projection for attachment

of male.
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Fig. 9. Dissection of abdomen sliowing the connection of the cement organ h, with the investing

material of the ova-strings, o. The portion of the proximal segment marked m in this and
Fig. 8, being turned on one side

; p, longitudinal muscular bands.

Fig. 10. Ramifying ovary, with contained ova, in one of the lateral lappets of the thorax.

Fig. 11. F, Villus-like projection to which the male is attached. G, Enlarged view of two of the

epithelium-like structures. At r, Fig. 8, the projection is shown in situ.

Fig. 12. Side view of male, to the hook organs of which a portion of the villus-liko projection is

still connected.

Fig. 13. Ventral aspect of male.

Fig. 14. Natural length of male and female without the ova-strings.

Fig. 15. Successive stages in the development of the ova.

Fig. 16. Anterior foot of left side of larva. The division into two terminal segments is seen, with

the mode of connection of the hairs to them.

I
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VIII.

—

On the Structure of Lerneopoda Dalmanni, with Observations on its Larval

Form. By William Turner, M.B. (Lond.) F.R.S.E., and H. S. Wilson, M.D.,

Demonstrators of Anatomy. (Plate IV.)

(Read 7th April 1862.)

The first example of this, apparently little known, species of Parasitic Crusta-

cean appears to have been noted by Professor Otto.* The celebrated Swedish

naturalist Retzius was, however, the first to give, in 1829, an anatomical descrip-

tion of it.f He named it Lemma Dalmanni. His description was accompanied

by several figures, which, though in many respects imperfect, enable one to

recognise the chief external characters of the animal. He found three specimens

at Christian Sound, in the nasal cavity of Raia Batis. Von Nordmann X obtained

from RuDOLPHi the specimen discovered by Otto, but it was so injured, that he

adopted, in his account of the anatomy of the animal, the description of Retzius.

Some years afterwards, in 1836, Kroyer
||
added it to the Danish fauna. He

states that he obtained two specimens from the nasal chamber of a skate brought

to him by a fisherman from Aal-back, and that specimens from Iceland had been

for several years in the possession of the Natural History Society. As naturalists

had now begun to subdivide the old Linnean genus Lernsea into various genera,

Kroyer added this animal to the genus Lerneopoda of De Blainville, and, con-

tinuing its specific name, termed it Lerneopoda Dalmanni.

Since the time of Kroyer but little attention appears to have been bestowed

on this parasite by systematic writers. Milne Edwards § mentions it only briefly,

and is inclined, from the elongated and cylindrical form of the cephalic part, and

from the development of two processes from the ventral aspect of the posterior

end of the body, to place it in the genus Brachiella.

It does not appear to have been, as yet, recognised as a British species, for no

mention of it is made in the systematic works of Baird and Gosse. The for-

tunate detection by one of us (Dr Wilson) of several specimens, early in the pre-

sent year, in the nasal cavities of more than one skate, caught by the Newhaven

fishermen, has enabled us to add it to the British fauna, and to investigate its

anatomy.

* Mikrographische Beitrage Von A. v. Nordmann. Berlin, 1832.

f Kongl. Vetenskaps Acad., Handlingar. Stockholm, 1829. P. 109. Frorieps Notizen,

vol. xxix. N. 617, p- 6.

+ Op. Cit. p. 139.

I]
Naturhistorik Tidskrift, vol. i. p. 264. Okens Isis, 1840, p. 746.

§ Hist. Nat. des Crustacees, vol. iii. p. 516.
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Female (figs. 1, 2).—This is evidently one of the largest of the Lerneadse. It

presents decided indications of being divided into two gi'eat segments,—an ante-

rior, or cephalo-thoracic, and a posterior or abdominal. The division is indicated

by a well-marked constriction or neck. Immediately in front of this neck a pair

of long arms arise from the sides of the cephalo-thorax.

The cephalo-thorax in a fully grown specimen is y\ths of an inch in length.

It projects almost at a right angle from the anterior extremity of the abdomen.

It is elongated, and somewhat compressed laterally. On its dorsal surface, about

the junction of the anterior and middle thirds, a pair of antenme is situated

(figs. 3, b). Their l)ases are partially concealed, and connected together by a

crescentic fold of the chitinic integument of the animal, the convexity of which

fold is directed backwards. Each antenna is 3-jointed: the basal segment short

and broad ; the second much longer ; the terminal smaller, and possessing a pair

of hooks at its free end (fig. 5).

In front of the antenna^ and therefore close to the anterior extremity of the

head, a complicated buccal apparatus is met with (fig. 3, c, fig. C). Situated

in the middle line is a short conical snout, at the free extremity of which a

rounded oral aperture exists. The animal appears to possess the power of retract-

ing and projecting this snout at pleasure. On each side of the snout is a short

stump-like process, slightly bifid at its extremity. For the due examination of the

structures about the mouth, the higher powers of the microscope are necessary.

The buccal apparatus consists of an oral aperture, of two lip-like structures, and

of a pair of jaws. The lower lip is strengthened by a peculiar arrangement of

chitinic bands, which have been represented in fig. 9, Projecting not only from

the margin, but also partially from the inner surface of this lip, are a number

of fusiform bristle-like papillae. On the inner surface of the central part of this

lip several very delicate, faintly transversely-barred lines pass downwards and

backwards as far as a chitinic bar, which stretches across the lip from margin to

margin. The upper lip (fig. 8) consists of two chitinic concavo-convex plates,

which fit into each other, their concave aspects being directed to the buccal

cavity. The inner plate is shorter than the outer, and bears a row of long slightly

undulating, transversely striped, rod -like structures, fringed at their free ends.

The outer plate is covered at the margin, and for some distance on its dorsal aspect,

by sharply pointed, conical, bristle-like papillae. The lips are supported at their

bases on a chitinic plate, more immediately continuous with the plates of the lower

lip, and to which the upper lip is apparently connected by a moveable joint.

This plate is so arranged as to be folded upon itself in such a manner as to

enclose tubular spaces (fig. 6, b), in which some of the muscles of the buccal

apparatus are included.

When the lips are drawn asunder, so as to expose the buccal chamber, a

pair of elongated scythe-like jaws (mandibles) is seen (fig. 9). These are attached



STRUCTURE OF LERNEOPODA DALMANNI. 79

laterally close to the angles of junction of the lips. They lie obliquely across the

cavity, and therefore cross each other. In some of the specimens the free

ends of these mandibles projected externally through the oral aperture (fig. 7).

Deeply serrated strong teeth, about six in number, with intermediate smaller

teeth between the three terminal ones, are placed along the concave posterior

margin of the unattached extremity of each jaw. Each mandible is articulated

externally to the chitinic plate which supports the lips. The muscles which move

the jaws do not present any distinct transverse striation. They are marked by

delicate longitudinal striae, which resemble nuclei in their appearance.

Connected laterally to the outer aspect of the upper lip is a very small pro-

jecting structure, which Kroyer has described as a touch organ, and which

may evidently be considered to be a labial palp (fig. 8, a). It consists of two

segments, from the terminal one of which three papilla-like hairs project. The

basal segment has, along its line of articulation with the terminal, a short hook-

supporting tubercle, and from its outer surface, about half way towards the base,

there is an elevation fringed with very short bristles.

The stump-like processes, between which the snout, bearing the mouth, lies,

have been termed by Kroyer the second pair of antennse (fig. 6, d, fig. 10).

They correspond very nearly, both in structure and relation to the mouth, to the

appendages which V. Nordmann has described and figured in Achtheres percarum

as the upper jaws, or metamorphosed first pair of feet. Each of these structures

is segmented and laterally compressed, and arises b}'^ an elongated base, which is

not merely on the same line with the base of the snout, but extends forwards

beyond it for a short distance towards the anterior extremity of the cephalo-thorax.

Each possesses a bifid free extremity, the posterior division of which, smaller than

the anterior, is armed with a well-marked terminal hook. Along its posterior

margin are two elevations, studded with short, blunt, cylindrical bristles (fig. 10,

a). Immediately above the lower of these elevations is a smaller space covered

with conical hairs. The anterior division, very much larger than the posterior,

is thickly studded, especially on its outer surface, with a corresponding bristle-

like arrangement (fig. 10, b). Springing from the anterior and inner part of each

of these modified feet is a segmented palp-like structure, set with three or four

conical papillae at its free extremity (fig. 10, c).

At the inferior margin of the anterior extremity of the cephalo-thorax is a

somewhat pendulous nipple-like structure, which has been named by Retzius the

chin (figs 4, b). It consists simply of a projection of the integument, which can

be retracted or protruded at pleasure.

A pair of elongated cylindrical arms arises from the sides of the cephalo-thorax

immediately in front of the constricted neck (fig. 1, c). When fully extended,

each arm measures an inch, but it can be contracted by the animal at least one-half.

The arms pass almost vertically upwards in the direction of the long axis of the



80 MR W. TURNER AND DR H. S. WILSON ON THE

abdomen. They lie side by side, and almost parallel to each other. Each ai*m

ends superiorly in an expanded structm'e, concave on its upper aspect, which

performs the office of a clasper. The adjacent surfaces of the two claspers are

flat, and, when the arms are in their normal position, these surfaces are accu-

rately adapted to, but not continuous with each other, so that they can be drawn

asunder without any difficulty. The arms, therefore, cannot be regarded as

blended together at their extremities. Lying in the concave upper surfaces of

the apposed claspers is a curved cartilaginous-like bar (fig. 2, a), the convex outer

surface of which is closely embraced by them. The bar has in its interior a dis-

tinct cavity. Projecting from the surface of the bar which is in apposition with

the claspers, is a small papilla, along the axis of which the central cavity of the

bar extends. Between the superior margins of the flattened apposed surfaces of

the claspers a slight depression exists, into which the papilla of the bar fits. Two
small oval openings exist at the bottom of this depression, one belonging to each

clasper. Each communicates with a long and slender tube, which passes through

the substance of the clasper to be continuous with the central canal of the cylin-

drical part of the arm. The substance of the bar, when examined microsco-

pically, without the addition of any reagent, appears to be structureless. After

digesting thin slices in ether, and subsequently boiling them for some time in

acetic acid, a very beautiful cellular structure is perceived. These cells are about

the size of primordial cartilage cells. In them the nucleus is elongated, and be-

tween it and the cell-wall a delicate concentric arrangement is seen. There is

evidently a difference between the chemical composition of the bar and the

chitinic integument of the animal, for on steeping a specimen for some hours in

a chromic acid solution, whilst the colour of the latter was very slightly affected,

that of the bar was changed to a dark brown, almost black.

Both the claspers and the cylindrical portions of the arms contain powerful

muscles, by the contraction of which the arms can be very much shortened, at

which times they have a very crenulated appearance. These muscles are trans-

versely striped, and are arranged both in longitudinal and circular bundles. A
canal extends along the centre of each arm, which communicates at its root with

the general cavity of the body. This canal is irregularly subdivided by connective

tissue bands passing across it.

It is by means of the arms that this crustacean attaches itself to the skate on

which it is parasitic. When examined in situ, the arms could be traced passing

along the space which separates two of the nasal laminae from each other. They

then enter a canal of calibre sufficient merely to contain them. This canal

dilates at its end into a comparatively large space, lined by a distinct smooth

vascular membrane. In this cavity the claspers, with the bar which they

embrace, are situated. The bar lies transversely, its long axis corresponding to

that of the space in which it is situated ; and as the canal, in which the cylindri-
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cal portions of the arms lie, is at right angles to the long axis of this space, it is

impossible to draw the bar and claspers out without dissecting away the wall of

the cavity.

We have already mentioned, that M. Edwards has seen reason to think, that

owing to the elongated cephalo-thorax, and the existence of posterior abdominal

appendages, this parasite possesses characters which hardly permit it to be classed

along with the other known Lerneopoda. To these we may add the very im-

portant one, that the arms are not united at the tip. For although they are in

close apposition by the flat surfaces of. their clasper-lil^e terminations, yet the

parasite, when removed from the fish to which it is attached, can spontaneously

withdraw one or other arm, or both, from the transverse cartilaginous-like bar,

so as to separate the claspers completely from each other. After withdrawing

the claspers from the bar, the animal does not appear to possess any power of

re-attaching them to it. This character of ready separation of the ends of the

arms from each other would also prevent us from placing the animal, as has been

suggested by M. Edwards, in the genus Brachiella.

Projecting from each side of the cephalo-thorax, immediately in front of the

root of each arm, is a well-marked bulb-like protuberance, noticed both by Retzius

and Kroyer, and termed by them the eye-like spots, although, from their colour

and structure, they do not consider them to be eyes (fig. 3, a). Each has the ap-

pearance of a segment of a sphere. Through the semi-transparent integument of

the most prominent part, a quantity of reddish-brown granules, aggregated in elon-

gated masses, may be seen. Low magnifying powers also enabled us to detect a very

peculiar rod-like structure, connected apparently to the deep surface of the eye-

like spot. It commences in a slightly dilated bulb-like part, which passes back-

wards and outwards, around the base of the arm on its own side, and terminates

in a dilatation similar to that by which it commences. The exact structures to

which it is connected at its two ends we cannot say with certainty ; but it is

probable, from its position, that it may act as a sling for the support of the base

of the arms. The rod has a diameter of st oth of an inch, the bulb of risth. Its

structure is characteristic, so that it can at once be distinguished from the sur-

rounding parts. It possesses an axial portion, which is about one-third the dia-

meter of the entire rod. Under high magnifying powers this presents a corrugated

aspect, which reminded us of the well-known appearance of the coagulated medul-

lary sheath of a nerve fibre. Surrounding this axial structure is a very trans-

parent substance, which has many of the microscopic characters of chitine.

The abdomen is iVths of an inch long, r\ths broad. It ends posteriorly in a

rounded elevation on each side, between which is a depression, so that it possesses

an inverted heart-shaped form (fig. 1, c ; fig. 2, b). It is slightly convex on the

dorsal, almost flat on the ventral aspect. It has an imperfectly defined segmented

appearance, owing to the existence of three circular depressions in the chitinic in-
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tegument, by which it is divided into four segments. These external depressions

correspond to folds which project into the visceral cavity, and to which powerful

muscles are connected. When these muscles are contracting, the segmentation is

more manifest. The first segment lies immediately behind the roots of the long

arms, and possesses on each side a bulging, corresponding in appearance, but smaller,

to the eye-like spot on the cephalo-thorax, already described. The third segment

has a similar pair of protuberances, placed, however, more on the ventral surface.

The fourth segment is as large, or even larger than the conjoined first three seg-

ments. In the median line of its ventral surface, close to the posterior margin, is

the longitudinal slit-like anal aperture. This opening is bounded on each side

by a well-marked fold of integument (fig. 12, a). Attached to the outer aspect

of each fold is an elongated cylindrical process, which projects downwards, and is

slightly curved It is a little broader at the free than the attached end. Each

of these posterior abdominal appendages is t o ths of an inch long. Two elongated

ova strings project also fi-om the ventral surface. They spring from it posterior

and external to the anus.

The intestinal canal lies in the axis of the cavity of the abdomen. It is

retained in its position by numerous delicate bands, which pass from it to various

pai'ts of the inner surface of the wall of the cavity. It is of almost uniform

calibre throughout, and presents a crenulated appearance. Distinct muscular

fibres, arranged longitudinally and circularly, enter into the formation of its wall.

It terminates posteriorly in the slit-like anal aperture. At the anterior end of

the abdomen the canal bends, so as to pass into the cephalo-thorax, along the

axis of which it extends. It makes a slight bend towards the dorsal aspect of

the anterior extremity of the cephalo-thorax, so as to open at the oral aperture.

The canal is more dilated in the cephalo-thorax than in the abdomen. It com-

municates with the buccal chamber, not by a broad expanded opening, but

through a chink-like fissure, between two plates of chitine.

Lying in the visceral chamber external to the alimentary canal, is a quantity

of what appears to the naked eye to be merely brown granular material. From

its position, colour, and general appearance, it probably represents the liver in

this creature. When highly magnified, it looked lilie gland tissue, for it con-

sisted of vesicular dilatations, or saccules, apparently containing cells and granules.

Special collections of a similar gland-like substance are to be seen at the roots of

the arms, and extending for some distance along their central canals, in the eye-

like spots, the lateral dilatations of the abdomen, and the posterior abdominal

appendages.

The ovaries, two in number, are situated in the abdominal cavity, and are con-

fined to the fourth segment. Hiey lie on each side of the intestine. Each consists

of a ramified system of tubes, which communicate with a duct. This duct runs

almost parallel to the intestine. It opens on the ventral aspect of the fourth seg-
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ment, close to the posterior margin. The orifice is supported by chitinic bands. The

cement organ consists of a simple delicate tube. It commences in the anterior

part of the abdomen, and passes backwards close to the lateral wall. Its posi-

tion may be frequently recognised through the integument without dissection,

especially in the living animal. It joins the ovarian duct close to the genital

orifice. In all the animals we examined the ovaries were distended with ova.

They formed opaque, white masses, readily seen through the semi-transparent

integument of the abdomen.

The ova-strings are xVths of an inch long, cylindrical in form, of greater circum-

ference at their attached than free ends. They are slightly curved, the con-

cavities being directed inwards. The ova lie in longitudinal rows, with a spiral

tendency. When a transverse section is made through an ova-string, the ova at

the periphery are seen to be very elongated, whilst those in the centre are nearly

circular. When the ova-strings rupture, in order that the ova may be discharged,

they burst along the inner concave aspect. The margins along the line of rupture

become everted, and thus the exposure of the ova in the interior of the string is

facilitated.

The animal possesses a very powerful muscular system. The largest bands

are situated on either side of the dorsal and ventral mesial lines, being attached

to folds of the chitinic integument. The buccal apparatus, antennae, and arms,

have special muscular arrangements. In many, of our dissections the complex

structure of striped muscular fibre was very beautifully illustrated. Resolution

of the fibre in some cases into fibrillse, in other into discs, not unfrequently taking

place.

We have looked carefully for a nervous system, and think that we have seen

appearances indicative of its existence. We slit open the animal along the dorsal

mesial line, and carefully removed the ovaries and intestinal canal. On examin-

ing the internal surface of the abdominal wall with a magnifying power of 200

diameters, collections of cells could be seen in many places. These were especially

manifest in the space between the roots of the two arms. These cells had many
of the characters of nerve-cells, such as delicate outlines, granular contents, aud

connecting processes. The processes from many cells were evidently two in num-
ber, though, from the close manner in which the cells were crowded together, it

was not possible to distinguish in some more than one process, and in others again

none could be observed. The investigation of the arrangement of the nervous

system in these creatures is evidently attended with considerable difficulties,

partly owin^ to the delicacy of the structures, and partly on account of the

strong ventral muscular bands and the gland-tissue surrounding the intestinal

canal, the presence of which interferes greatly with its due examination.

If the female be carefully separated from the skate, and placed in clean sea-

water, we have found it possible, by occasionally changing the water, to keep the
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animal alive for three weeks. If, in the act of separation, the bar be removed

from the claspers, death takes place at an earlier period.

Male.—We have not succeeded in finding the male of this species. Following

the rule pursued by these parasites, we had expected to have seen it attached to

the body of the female, but we have carefully searched the different specimens we
have obtained without meeting with it. Retzius makes no mention of the male.

Kroyer thinks that he found on one of his specimens a male attached at the

anus. He describes a creature " about one-third of a line long, with somewhat

of a crustacean form, with two 2-jointed antennae, a 3-jointed thoracic portion, a

curved tail, and two strong hooked feet. The head appeared to present the trace

of an eye. He can say nothing further about it."

Larva.—Neither Retzius nor Kroyer have given any description of the larva.

In two of our specimens the ova were in such a stage of development that we
were enabled to examine the form of the larva. In some of these ova the larva could

be studied at the stage immediately preceding the rupture of the ovum ; in other

cases the free larvse were obtained. Length of larva, 3Vth of an inch ; breadth,

^Vth. When viewed from dorsal aspect, its shape appears ovoid (fig. 13). When
a profile view is made the ventral surface appears nearly flat, the dorsal very

convex (fig. 14). A pair of antepnse project from the ventral surface close to the

anterior margin. They possess indications of being three segmented, the terminal

one having at its free end a pair of long hairs. The limbs consist of two pairs

;

the anterior pair arises from the ventral surface, close to the antennae. Each

limb is bifid (fig. 15, A). The upper branch bears four or five very long hairs at its

extremity ; the lower, in addition to two long hairs at its free end, has a spinous

hook projecting from it. The posterior pair arises from the ventral aspect, nearer

the posterior than the anterior end of the larva. Each limb is shorter and thicker

than the anterior, and in none of the specimens examined could we see, on a

dorsal view, their extremities projecting beyond the lateral margin of the larva.

Each divides into two branches, one somewhat larger than the other (fig. 15, B).

A strong spinous hook, which appears to be capable of retraction within a

sheath, arms the branches of each limb. In addition to these appendages

the larva possesses a somewhat complicated arrangement, springing from the

ventral aspect, close to the posterior margin. It consists of a triangular prolon-

gation, folded over the posterior part of the convex dorsal aspect, so that the

apex only can be seen when the dorsal surface is looked dowi^ upon. It

gives off laterally three pairs of processes, each of which has connected to it

two lappets, bearing long pinnate hairs (fig. 16). It terminates by a lappet-

like process, which bears short, stiff hairs. The antennae, limbs, and tail-like

appendages, have transversely striped muscular fibres connected to them. The
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intestinal canal commences behind the antennae, by a trumpet-shaped mouth.

It passes backwards and upwards towards the convex dorsal aspect, then curves

downwards and forwards towards the ventral aspect, and ends abruptly close to

the oral opening. In the cavity of the bod}'- there are numerous collections of

oil drops, especially towards the posterior end of the larva. The eye-spots are

situated on the dorsal aspect, not far from the anterior margin. Two large

branched masses of dark-red granules may be seen, one close to the eye-spots-

the other farther backwards ; and in the free larva these masses are connected

by long streaks of reddish pigment.

The further development of the larva we have had no opportunity of ob-

serving.

Addendum, June ^Uh.—When we read our paper before the Royal Society,

none of the more typical and best-known species belonging to the genus Lerneo-

poda had come under our notice. Since that time, through the liberality of Mr

Robert Brown, we have had the opportunity of examining three specimens of

the L. elongata, which were obtained by him attached to the eye of a Greenland

shark {Scymnus borealis) caught in Ponds Bay, Davis' Strait, in the summer

of last year.

We have especially directed our attention to the distal extremities of the

arms, with the view of making a comparison between the mode of attachment of

this species to the cornea of the shark, and that of L. Dalmanni to the skate.

The arms of L. elongata taper abruptly at their distal ends, and are connected to

a small, rounded, horny, or chitinic disk. This attachment is evidently of a very

close and intimate description, for in attempting to separate them from it, the

substance of the arms gave wa}^ rather than permit the connection between them

and the disk to be severed. We could not say with absolute certainty whether

the structures composing the arms were anatomically continuous with that of the

disk, but there were appearances which led us to suppose that the chitinic in-

vestment of the arms was continuous with that of the disk. The arms them-

selves are evidently not united at their tips, except through the medium of the

common plate to which they are both connected. In our specimens we saw no-

thing to lead us to suppose that the arms were inserted into the substance of the

cornea, as is stated by Baird* to have been the case in the specimen he examined,

for the disk was undoubtedly attached to the surface of the cornea. Of the two

eyes of the shark obtained by Mr Brown, one had two parasites connected ta it,

the other only a single one. But each cornea had, in addition, a number of circular

* British Entomostraca, p. 334.
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markings on its outer surface, evidently the scars which indicated the former at-

tachment either of the same, or other parasites. A similar appearance was described

and figured by Grant in his specimen.* It will thus be seen that there are con-

siderable differences in the mode of attachment of the L. elongata and Dahnanni.

These differences are doubtless due to the var^^ing nature of the localities in

which they are met with. The L. elongata, being adherent to a fiat surface, has

connected to the ends of its arms a sucker-like disc ; whilst the Dalmanni, being

to some extent buried in the substance of the skate, has the clasper-like termina-

tions of its arms attached to a transverse bar, which is lodged in a special cavity.

The comparison which we have been enabled to make between the L. elongata

and Dalmanni has convinced us that the differences existing between them are

so great, that the latter animal ought no longer to be included in the genus in

which it is at present placed. The mode of termination of the arms at their dis-

tal ends presents such striking peculiarities, that, conjoined with the elongated

head, the flattened, inversely heart-shaped abdomen, and the existence of poste-

rior abdominal appendages, we consider it ought to constitute a new genus.

* Brewster's Edin. Journal of Science, 1827, p. 150.
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PLATE IV.

—

Explanation of Figures.

Fig. 1. Profile view of Female, a little below natural size ; a, cephalo-thorax ; 6, " eye-like spot
;"

c, prehensile arms terminated by apposed claspers (bar not indicated) ; d, abdomen ; e,

abdomiual appendages ; /, ova-strings.

Fig. 2. Ventral aspect of female ; cephalo-thorax seen raised above its normal position ; arms dis-

tinct up to tlie apposed claspers, which embrace the transverse bar, a ; h, abdomen, the

four segments faintly indicated. At its posterior extremity may be seen the integumen-

tary folds bounding the anal fissure, and having connected to them the abdominal appen-

dages. Close to these are the ova-strings.

Fig. 3. Dorsal aspect of cephalo-thorax, enlarged; a, bulb-like protuberance ("eye-spot")

6, antennae (their connected bases are indicated) ; c, buccal apparatus, consisting of a

central conical mass bearing the mouth, by the sides of which are the two lateral, short,

stump-like processes (modified feet) ; d, integumentary fold for protecting the oral appa-

ratus.

Fig. 4. Profile of cephalo-thorax, enlarged ; a, dorsal aspect, with antennae, base of modified feet

and protective fold indicated ; 6, projectile process (" chin").

Fig. 5. Antennae ; dorsal aspect magnified.

Fig. 6. Buccal apparatus ; ventral aspect magnified ; a, dorsal and ventral lips, containing be-

tween them the oral slit ; 66, chitinic arrangement supporting the lips, and aifording

protection to their muscles ; c, labial palp ; d, stump-like process (modified foot), to which

a palp-like structure is connected.

Fig. 7. Oral aperture, enlarged ; a, dorsal (upper) lip, presenting an inner plate bearing numerous
rods, and an outer, fringed with papillae ; 6, ventral (lower) lip, also bearing papillae.

Close to the latter, and projecting for a short distance through the buccal orifice, are seen

the jaws.

Fig. 8. Portion of upper lip, greatly magnified ; a, labial palp.

Fig. 9. Lower-lip, greatly magnified, and having connected to its base a pair of jaws ; aa, chitinic

masses for supporting the upper lip.

Fig. 10. Stump-like process or modified foot, magnified ; a, posterior hook-bearing terminal divi-

sion ; 6, anterior portion studded with short bristles ; c, its palp.

Fig. 1 1 . Portion of upper lip magnified, to which is connected a chitinic arrangement, presenting a
chink (" pharyngeal fissure") ; a, commencement of the oesophagus.

Fig. 1 2. Posterior extremity of the abdomen, enlarged ; a, anal folds, to which the abdominal ap-

pendages are attached, and between which the slit-like anal aperture lies ; 6, ova-strings

passing from the genital orifices.

Fig. 13. Dorsal aspect of the larva; a, antenna; 6, first pair of limbs.

Fig. 14, Profile of the larva; the intestinal canal, bent upon itself, is indicated.

Fig. 15. A, anterior limb of the larva.

B, posterior limb of the larva.

Fig. 16 Caudal appendage of the larva. One of the lappet-bearing masses has been raised, so as

to show the opposite aspect.
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IX.

—

On the Deflection of the Plummet due to Solar and Lunar Attraction. By

Edward Sang, Esq. (Plate V.)

(Read 21st April 1862.)

As the means for making observations on the heavenly bodies become more

and more exact, astronomers are compelled to introduce new refinements into their

calculations ; new inequalities are discovered, and the computation of those whose

sources are already known has to be carried to a greater number of approxi-

mative steps.

Discussions on the amount of solar parallax, of aberration and of nutation,

are now carried on to the third and fourth decimal fraction of a second ; with

such a refinement of computation, it seems almost impossible to proceed too far

in the refinement of theoretical deductions, and on that account, it may not be

inopportune to discuss the influence which the sun's and moon's attraction exert

upon the direction of the plumb-line.

The strict and symbolical investigation of this subject presents no difficulty,

and offers no point of any interest to the analyst ; it will therefore be sufficient

to exhibit the matter in what may be called a popular light ; the more so, that

the reasoning will thereby lose none of its strictness.

The direct attraction of the sun upon a body on the surface of the earth

amounts to about the 1600th part of gravitation, and a pressure equal to it,

applied horizontally, would deflect the plummet by an angle of 128 seconds.

The statement, that a body weighing one pound, that is, a body attracted to

the centre of the earth by 7000 grains, is also attracted to the sun by 4^ grains,

is rather startling. We might expect that direct evidence of so strong an attrac-

tion should have been afforded by mechanical phenomena.

The earth's attraction is at once manifested to us by the pressure which every

substance exerts upon that below it, or by the rapidity with which it descends,

when left free to move. But there is no solid matter intervening between us and

the sun, to resist gravitation towards it, and we are unable to perceive the motion

sun-wards, because all surrounding bodies partake of the same motion.

In one second of time the earth is deflected from its rectilineal course by about

one-eighth part of an inch ; now, in that time, its linear motion is about 17 miles

;

and we may obtain some remote idea of the curvature of the earth's orbit, by

imagining a circle which deviates from its tangent by one-eighth part of an inch at

the distance of 17 miles from the point of contact.

The centre of the earth is carried round the sun in an orbit due to the attrac-
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tion upon a material point situate at that centre, and all bodies on the earth par-

take of that motion ; but the sun's attraction varies inversely as the square of the
distance, and is greater for a body on the near side, less for one on the farther side

of the earth. Hence a body on the near side would tend to describe an orbit

more curved, one on the farther side an orbit less curved, than the earth's actual

orbit
;
and in either case, there is a tendency to augment the distance between the

body and the earth's centre. Thus, as is well known to every one who has studied

the theory of the tides, the sun's attraction tends to raise the ocean on the farther

as well as on the near side of the earth.

The perceivable part of the sun's attraction is therefore the difference between

the attraction on a body placed at the earth's centre and that on a like body
placed at the surface

; or, more strictly, is the resultant of the sun's actual attrac-

tion, and of a repulsion equal in intensity, and parallel in direction to the attrac-

tion which the sun exerts upon a like body placed at the earth's centre.

Ifwe put D for the distance of the sun, R for the radius of the earth, and a
for the sun's zenith distance, the intensity of the attraction is almost proportional

to (D -E, cos a)-2= D-2 + 20-=* R cos a + 3D-^ R^ cos a^ + &c.

Now, the first term of this series represents the attraction at the earth's centre,

wherefore the remaining terms

D~- -! 2=^COSa + 3=j^2C°S a- + &C. t

•p
1

represent the disturbing influence. The value of the fraction jc is about oi Afm*^^'

and even the first term of the series amounts to a very small quantity ; wherefore,

neglecting the succeeding terms, we may hold that, for all practical purposes, the

formula

D""- X 2=pr COS a,

represents the amount of the disturbing influence exerted in the direction of the

attracting body. This influence is zero when the sun is on the horizon, and is

greatest when the sun is in the zenith or nadir.

But when the sun is in the zenith or nadir, ihe disturbing influence is exerted

directly upwards, and cannot tend to deflect the plummet ; in fact, the deflecting

tendency is proportional to the sine of the zenith distance as well as to the above

quantity, so that the tendency to deflect the plummet is finally represented by
p T>

D"~- X 2 pT cos « . sin « = T>~- x p- sin 2a.

Hence, the plummet is most drawn aside when the attracting body is 45' above

or below the horizon.

For the earth's mean distance D~- may be taken to represent 128" ; and.
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therefore the deflection of the plummet due to the sun's attraction may be

stated as

1"

j^ . cos 2a (O).

The moon, though much nearer to us than the sun, is yet so small in com-

parison, that the effect of a pressure equal to her attraction would only derange

the plummet through one second. In this case, however, the ratio of D to R is

only as 60 : 1, and therefore the deflection due to the moon's influence is

gQ- . sin 2« ( D )

or three times that due to the sun.

These expressions represent almost exactly the deflections corresponding to

the mean distances of the two luminaries ; they would, if we were to seek for

extreme precision, need to be varied in proportion to the third power of the hori-

zontal parallax.

The deflection of the plummet takes place in the vertical plane passing through

the attracting body ; and the actual position of the apparent nadir point may be

obtained by referring it to co-ordinate axes drawn, the one from north to south,

the other from east to west through the true nadir.

Putting X for the ordinate measured southwards, z/ for that measured west-

wards, A for the north latitude, 8 for the north declination, and h for the hour

angle, we easily obtain

«= — sin 2x . sin 3^— cos 2x . sin 2d . cos h + sin 2x . cos 5^
. cos K'

y= +sin X . sin 23 . sin h + cos X . cos 3^ . sin 27t,

the values being in terms of the maximum deflection assumed as unit.

These form the equation of an elliptic epicycloid produced by carrying the

centre of one ellipse round the circumference of another, the periodic times being

24'' and 12'' respectively, and the motions being such as to generate areas uni-

formly round the centres. Like all epicycloids, these curves change their appear-

ance with every change in the constants ; they have distinct phases, according as

the observatory is within the arctic circle, above latitude 45°, on the parallel of

45°, below latitude 45°, intertropical, or on the equator.

These phases are figured in the accompanying drawings, in which the hour

angles are marked from the meridian ; and which explain, better than any words

can, the remarkable changes which the motions of the nadir point undergo as

1"

the attracting body changes its declination. The line AB represents ^^ for the

1"

lunar deflection, and jgg for the solar. It may be well to advert to some of the

leading features.

When the observatory is within the arctic ch'cle, and when the attracting
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body does not set, the apparent nadir describes a circuit round the true. As the

declination decreases, the orbit shows a tendency to form a cusp towards the true

nadir, and when the moon or sun comes just to graze the horizon the cusp is

formed. When the declination becomes so low that the moon sets, the orbit has

a convolution inwards; and as the declination approaches to zero, the two

sweeps of the orbit coalesce into an ellipse whose circumference is gone over

twice daily. So soon as the moon passes to the south of the equator, what may
be called the day part of the orbit takes the place of the night part for the corre-

sponding north declination ; so that the same diagrams answer, merely changing

the hour marks by 12 hours.

For all places above 45"^ of north latitude the day is larger than the night

part of the curve when the moon is north of the equator. For places on the

parallel of 45"^ the two branches of the curve touch each other on the meridian,

whatever be the declination, and for places below 45'', the intersection Avith the

meridian are, as it were, interchanged.

For places on the equator, the orbits are always varieties of the hour-glass

curve, merging into a simple line when the declination is zero.

There are two ways in which we may attempt to exhibit these phenomena

One is to prepare a spherical level ground to such a large radius of curvature as

that the second may be divided into several hundred parts. The motions of the

air-bubble will be opposite to those of the nadir point. The other is to direct an

extremely powerful telescope to look directly downwards into a basin of mercury,

and thereby to examine the motion of the image of the cross wires. But in

neither of these ways shall we be able to trace motions exactly like those in the

drawings, because actually the disturbances caused by the sun and moon are

commingled, while the declinations are continually changing. The complexity of

the resulting motions may be exemplified by reducing any one of the drawings

to one-third part of the scale, so that it may represent the solar deflection, and

by carrying its centre round any of the lunar curves for the same latitude,

observing at the same time the distinction between the lunar and the solar day.

These speculations are interesting, not merely from the singular and unex-

pected beauty of the results, but also from their bearings on the higher branches

of practical astronomy. They show us that the cross-level of a transit instru-

ment is subject to a semi-daily oscillation, amounting at new and full moon to

two forty-fifth parts of a second ; and that the surface of the mercury in the

collimation trough imitates, as far as it is able, the tidal motions of the sea.

Let us suppose that, by help of instruments capable of that degree of preci-

sion, we are endeavouring to determine the obliquity of the ecliptic true to the

fourth decimal part of a second^we place our instruments in the observatory of

St Petersburg, in Lat. 59° 56" 30", to observe the sun's meridian altitude at the
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summer and the winter solstice. On account of the deflection, our summer
observations give -"0050 too little, and our winter ones '0012 also too little, thus

giving the obliquity -0019 too small. Simultaneous observations are carried on

at Madras, in Lat. 13° 04' 10" north. At the summer solstice the sun is north of

the zenith, and its altitude, counting from the south point of the horizon, is -0019

too much, while the altitude at the winter solstice is too little by -0047, thus

giving the obliquity too great by -"OOSS. Hence observations made at St Peters-

burg and at Madras must differ from each other to the extent of '0052, in deter-

mining this primary astronomical quantity.

Or if in the year 1857, we had sought to determine the greatest inclination of

the moon's orbit, the greatest meridian altitude must have been -0145, and the

least -0009, each too little, as seen from St Petersburg, giving the obliquity

'0068 too small; while, as seen from Madras, the upper passage would have

appeared -0082 too far north, and the lower -0164 too far south, making an error

in excess of -0124, and thus the discrepancy of the two determinations would

have amounted to "0192, or about the fiftieth part of a second.

From these examples it appears, that we cannot carry our astronomical re-

searches safely to the hundredth parts of seconds, without having taken into

account the displacement of the nadir point. It is vain to seek to eliminate this

source of error by the multiplicity of observations, because the influence varies

periodically with the hour of the day, the moon's age, the position of the node,

and even that of the apogee.
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X.

—

On the Existence of A cari between the Lamince of Mica in Optical Contact.

By Sir David Brewster, K.H, D.C.L., F.R.S. (Plate VI.)

(Read 28th April 1862.)

In searching for crystals of titanium between films of mica, I was surprised

to observe something resembling the remains of insects. Upon submitting the

specimen which contained them to a more careful examination, I found, in dif-

ferent parts of it, five completely formed Acari, all of which were much smaller

than those found in cheese, brown sugar, and damp bran, specimens of which

I obtained for the purpose of comparison.

The plate of mica, now on the table, which contains these five Acari, is about

05 inches long, 3 inches broad, and nearly the ^th of an inch thick. The dis-

tances of the Acari from the edges of the plate are 1-6 inch, 1-13, 04, I'O, and

0-5. The largest of the Acari is about the ^th of an inch long, and the smallest

the ^th of an inch.

The films of mica between which the Acari lie were in optical contact—that

is, no light was reflected from their contiguous surfaces. This fact does not prove

that the surfaces had never been separated ; for we may partially lift one film of

mica from another, so that light is reflected from the separated surfaces, and

yet they will return into optical contact. This is true even in a more rigid sub-

stance, such as glass, where a crack or fissure, produced in a thick plate by heat,

will reflect light at the separated surfaces, and will afterwards entirely disappear,

sometimes after the lapse of a few seconds, and sometimes after a much longer

interval, according as the surfaces have been more or less separated.*

That these Acari were introduced between the laminae from without, cannot

be a matter of doubt ; but in what manner, and in what stage of their existence,

I do not presume to conjecture.

When I first discovered these Acari, they were much more perfect than they

are in the accompanying drawings—executed for me by the Hon. Mrs Ward—as

will appear from the rude and highly magnified sketches of the largest, made by

myself They had obviously suffered compression during their carriage by post,

or perhaps from the object-glass of the microscope having been accidentally forced

upon the plate in the process of searching for them with high powers.

If the specimen of mica is thought of sufficient interest to be preserved in the

Museum of the Society, with the drawings that are not engraved, it may be proper

to mention, that in trying to obtain a better view of the Acarus in the centre of

the plate, Mrs Ward detached a film, which she afterwards replaced with cement.

This fact is mentioned on her rough sketch of the plate, lest it might be supposed

that the Acarus at that place had been artificially introduced.

* See Philosophical Transactions, 1816, pp. 73, 74.
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XL

—

On certain Vegetable and Mineral Formations in Calcareous Spar.

By Sir David Brewster, K.H., D.C.L., F.R.S. (Plate VII.)

(Read 28th April 1862.)

When occupied several years ago in studying the fluid and gaseous cavities

in minerals, my attention was drawn to certain remarkable formations in per-

fectly transparent specimens of calcareous spar. These formations were of two

kinds—the one apparently of vegetable origin, and the other obviously mineral.

1. The formations that appeared to be of a vegetable nature occur in speci-

mens of calcareous spar from King's County, Ireland, and had been deposited on

the faces of the primitive rhombohedron during its formation. The general aspect

of the substance is that of a plant. Its colour is a dark green, which becomes

lighter, and very brilliant, when the specimen is viewed by reflected light. These

different effects, and the general structure of the substance, are finely shown in

the accompanying drawings, executed for me by the Hon. Mrs Ward. In the

figures magnified 60 diameters, a great number of minute spheres are seen scat-

tered up and down among the stems and branches of what has every appearance

of being a plant. They are more distinctly seen with a magnifying power of 100,

and in the drawing, made with a power of 420, one of them has apparently burst

and discharged its contents, as if it had been a seed-vessel, as shown in Plate VL,

fig. 6. With the same high power the stems are distinctly tubular.

As the microscope could give me no further information respecting this in-

teresting substance, I submitted specimens of the spar to my distinguished friend,

Mr Andrews, Professor of Chemistry, and Vice-Principal, in Queen's College,

Belfast, who favoured me with the following analysis of the extraneous sub-

stances :

—

" The extraneous matter in the specimens is entirely destroyed by heating in a

glass tube to incipient redness—a small quantity of water, having a strong empy-

reumatic odour, being at the same time given off. It dissolves in strong hydro-

chloric acid, without leaving any residue, but colours strongly the acid. Hence

the extraneous substance appears to be of organic origin."

2. In another specimen of calcareous spar from India, the extraneous mat-

ter is arranged in fine parallel lines, which are generally, though not always,

parallel to the faces of the rhombohedron. In order to determine its nature, I

submitted the specimen to Professor Andrews, who obtained the following

results :

—

" I selected," he says. " two clear specimens, and placed them in hydrochloric
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acid, so as to dissolve away a portion of the carbonate of lime. When the acid

had reduced the crystals to thin laminse, they were placed under a compound

microscope, with an object-glass one inch in focal length, and viewed by reflected

light. A number of yellow microscopic crystals were now seen scattered through

the transparent plate of calcareous spar. They resembled iron pyrites, and were

collected in great quantity in the position of two of the parallel bands. These

crystals were not always cubes, but most frequently short fibrous masses, inter-

posed in the cavities of the spar.

" So far all was pretty plain ; but in dissolving away, by means of the hydro-

chloric acid, all the carbonate of lime in another portion of the specimen, instead

of obtaining bright yellow microscopic cubes of u-on pyrites, as I expected, the

residual matter consisted of small fibrous masses, with a semi-metallic lustre and

steel bronze colour. On analyzing them, I detected sulphur and iron, but no cop-

per. I was for some time perplexed by the change of appearance in the crystals

as seen enclosed in the matrix, and w^hen left as a residue ; and further, the

microscopic aspect did not agree with the result of chemical analysis. At last it

occurred to me that the crystals belonged to the prismatic pyrites (cock's-comb),

and in crushing a fragment of that mineral, and placing it under the microscope,

I found that its appearance exactly agreed with that of the substance under exa-

mination. The bronze colour of this variety of pyrites is quite superficial, and is

removed by the action of hydrochloric acid. It is possible that the residual crys-

tals may contain a little arsenic, but I had not enough of the material to pursue

the investigation farther."

3. In another specimen of calcareous spar fi^om India, the extraneous matter

obviously consisted of minute crystals of copper pyrites. Professor Andrews found

that they were composed of sulphur, iron, and copper.
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XII.

—

Memoir of the Life and Writings o/" Robert Whytt, M.D., Professor of

Medicine in the University of Edinburgh from 1747 to 1766. By William

Seller, M.D., F.R.S.E., Fellow of the Royal College ofPhysicians ofEdinburgh.

(Read 7tli April 1862.)

It does not always happen that the memory of inquirers into nature, who

have the merit or the fortune to strike first into a right path, is cherished as it

deserves. This remark applies forcibly to the eminent person, whether regarded

as a physiologist or as a physician, of whose life and labours a brief memoir is

now laid before the Society. The name of Robert Whytt was familiar to his

contemporaries both at home and abroad. Increase of distance should hardly

yet have dimmed its lustre. Yet, in proportion as the views which he initiated

have expanded more and more in growing to maturity, the less and less is

heard of their author. Biography—which never did Whytt great justice—begins

already to put him aside. A few particulars of his life, with a catalogue of his

works, have hitherto been common in books of that description, principally in

those of Germany and France. In some newer French biographies his name has

dropped out. But of a late Edinburgh Biographical Dictionary, extending to not

a few volumes, while restricted to the lives of eminent Scotsmen, it will hardly

obtain credit that an early luminary of the rising University, conspicuous among

the European leaders of medical science during a busy period of the eighteenth

century, should, amidst a cloud of mediocrity, be there sought for in vain.

Robert Whytt, it may be said in defence, stands among the numerous followers

of Stahl, who ascribed the phenomena of life to the operation of a rational prin-

ciple ; while history contents itself with recording the views of the master, with-

out burdening its pages with the peculiarities of the disciple. But to place

Whytt among the followers of Stahl is to misinterpret the most essential points

of his belief. Nor is this error an unlikely source of the scanty justice awarded

to his merits. He, beyond doubt, embraced ideas subversive of Stahl's doc-

trines—ideas which have become the starting-point of views entering largely into

the present aspect of physiological science.

In common, it is true, not only with the physiologists of the Stahlian school,

but with those of all the preceding schools of physiology from Hippocrates

downwards, Whytt traced animal movements to an anima or psyche ; but he

differed from Stahl, to borrow the description of Haller, so widely, that he

regarded such movements as being the inmiediate result of a stimulus, without

any reason, intention, or consciousness on the part of the anima.
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But if the sum of Whytt's doctrine be that an impression conveyed by nerves

to the central nervous organs excite involuntary animal movements, by a physi-

ological necessity, without reason, intention, or consciousness, what is that doc-

trine but a comprehensive expression for the reflex action of the spinal cord and

brain, if it be not also an approach to the still larger generalization which repre-

sents an organic body as consisting essentially of two layers, an outer for the

reception of impressions, and an inner for the origination of movement ? " Quod

autem est animal id motu cietur interiore et suo,'" is the quotation from Cicero

prefixed to Whytt's earlier work on this subject—words which, as used by him,

seem to embody the rudiment of this last idea.

But enough of preface.

Robert Whytt was born at Edinburgh, September Gth, in the year 1714.

His father was Robert Whytt of Bennochy, a member of the Scottish Bar. He

was a posthumous child, brought into the world six months after his father's

death. He was still under seven years of age when he lost his mother. His

mother's name was Murray. She was the daughter of Antony Murray of

Woodend, in Perthshire. The Whytts of Bennochy were sprung from an old

Fifeshire family, the Whytts of Mawe and Kilmaron. Whytt's father was the

grandson of the first possessor of Bennochy. The genealogy of the family is to

be found in Burke's " Landed Gentry," under the head " Whyte Melville," for

a reason to be afterwards stated.

At an early age Whytt was sent to the University of St Andrews, where, by

his application to stud}^, he appears to have distinguished himself among his

fellows. Having obtained the degree of ^Master of Arts at the age of sixteen,

he repaired to Edinburgh to engage in the study of medicine. Two years before,

by the death of his elder brother, he had succeeded to the family estate. In the

year 1730, when he commenced medicine, the ]\Iedical School of the University of

Edinburgh was but recently founded. From the j^ear 1720 the first Monro had

delivered regular courses of lectures on anatomy to still increasing audiences.

Some years before Whytt began his studies, the Town Council of Edinburgh

(1726) had commissioned four Fellows of the Royal College of Physicians, namely,

Rutherford, Sinclair, Plummer, and Innes to teach medicine. Two years

earlier, Porterfield had been appointed by the same authority to the Professor-

ship of the Institutes and the Practice of Medicine, but it is not certain that he

ever delivered lectures. Soon after (1730), the Senatus Academicus recognised

five professors as a Medical Faculty. About the same time, the Town Council

instituted also a professorship of Midwifery in favour of Mr Joseph Gibson, sur-

geon, known as the City Professor.

Whytt devoted himself in particular to the study of anatomy under Monro.

He appears to have spent three or four years in Edinburgh, engaged in the acqui-

sition of medical knowledge.
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There are no incidents of his life recorded in the course of his studies ; but

among the medical manuscripts in the library of the Edinburgh College of Phy-

sicians, there is a book of notes taken by Whytt, from the lectures of George

Young, who published, in the year 1758, a " Treatise on Opium." These lec-

tures are partly clinical discourses on the cases which occurred in Young's private

practice ;
partly observations on diseases in general

; partly discussions on the

theory of medicine. The manuscript is of considerable extent, and sufficiently

curious as a medical antiquity. It was purchased at the sale of Whytt's books

after his death, by Dr John Boswell, who had been Whytt's fellow-student

under Young, and came into the possession of the College along with a number

of books presented by the family of the late Dr Abercrombie.

Proceeding to London, probably in the year 1734, Whytt became a pupil of

Cheselden, while he visited the wards of the London hospitals. Thence, passing

over to Paris, he occupied himself with the lectures and dissections of Winslow,

and frequented the hospitals La Charite, and the Hotel Dieu. He next went to

Leydento hearBoERHAAVE, noAv advanced in years, and his namesake Albinus, still

in the prime of life. It is well known that the name of Albinus was Latinised from

" White," probably in its German form " Weiss," as Albinus was of German

extraction. Had Albinus been a native Dutchman, he might not only have been

Whytt's namesake, but of the same lineage ; for, though the Whytts of Fife

claim descent from the " Les Blancs" of France, the presumption is far greater

that, in common probably with the Whytes of this island in general, they repre-

sent the Witts of Friesland, one of whom, Witta the son of Wicte (Vetta

VicTi) the grandfather of Hengist and Horsa, according to the probable conclu-

sion of Professor Simpson in his very ingenious memoir entitled " The Catstane,"

lies buried beneath a gigantic monolith of greenstone on the banks of the Almond,

but a few miles from Edinburgh. It is not recorded, however, that either the

Professor or the pupil recognised in the other any sign of relationship.

It will come to be considered hereafter whether he then learned from Albinus

a particular of the anatomy of the nerves for the assertion of which Whytt's

writings were for a long period singular. After six years employed in the study

of medicine, he took the degree of Doctor of Medicine at Rheims, in April 1736.

At that time, for what reason does not appear, Rheims was much resorted to for

degrees in medicine. Rutherford and Porterfield, as well as Whytt, had

graduated at Rheims ; while Innes had got his degree at Padua, Sinclair at

Angers, and Alston at Glasgow. Of the forty-eight doctors of medicine who

became Fellows of the Edinburgh College of Physicians between the beginning of

the last century and the time when Whytt was elected a Fellow, sixteen pre-

sented the Rheims degree
;
yet after that period down to the present, there have

been only six, the latest being in the year 1753. The University of Rheims was

suppressed at the first French revolution. In the autumn of the year 1737, the
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University of St Andrews spontaneously conferred on Whytt the same medical

honour. In the end of that year he was admitted a licentiate of the Royal Col-

lege of Physicians of Edinburgh, presenting both his degrees, and a year after he

was elected to the Fellowship. He immediately commenced practice as a physi-

cian, and is said to have been very successful even at so early an age. Soon after

he settled in practice, he married Miss Helen Robertson, who is described as

sister to General Robertson, governor of New York. By this lady he had two

children, both of whom died in infancy. The death of his Avife followed, in

the beginning of the year 1741. Two years after her death he married, in the

year 1743, Miss Louisa Balfour, a daughter of Mr Balfour of Pilrig. Her brother

afterwards became a professor in the University of Edinburgh.

By his second wife, Whytt had fourteen children, only six of whom survived

him. Mrs Whytt died in 1764, two years before her husband. His eldest son,

Robert Whytt, came into his father's estate of Bennochy, but died young, without

family, at Naples, and was succeeded in the estate by his next brother. He, on

the death of General Robert Melville of Strathkinness, became heir to his en-

tailed estates, and took the name of Melville in addition to Whytt. The ortho-

graphy of the name is now slightly changed from the form which Whytt
retained down to the end of his life. His grandson is a well-known gentleman

of the county of Fife, Mr Whyte Melville, living at Mount Melville, near St

Andrews. His great-grandson, Mr J. G. \\'hyte Melville, younger of Bennochy

and Strathkinness, is known to the public as the author of several popular

works of fiction
—

" Digby Grand," " Guy Livingstone," " Good for Nothing."

In 1 743, Whytt published a paper in " The Edinburgh Medical Essays," " On
the Virtues of Lime-Water in the Cure of Stone." For some years previously,

public attention had been fixed on this subject by the grant of five thousand

pounds by Parliament to Mrs Stephens, for her secret in the cure of this disease.

The remedy was beyond doubt of some service in particular cases ; but its dis-

agreeable nature and great bulk gave rise to many attempts to throw out what-

ever in it was superfluous. Dr Hartley, the well-known author of the " Theory

of Vibrations," who then practised at Bath, had already reduced the original far-

rago to two ounces and a half of soap, and seven scruples and a half of egg-shell

powder, for the mean daily dose. Amidst the discussions on this subject, it

occurred to Whytt that lime-water might be sufficient to dissolve the stone. He
accordingly prescribed lime-water as early as 1741, usually Avith the addition of

soap, and obtained great success, while, in the paper just referred to, he gave an

account of his cases. This paper attracted much attention. It was published

with additions, separately, in 1 752, and finally ran through several editions, in

the later of which printed during his life, he expunged some of the ideas

contained in the paper as originally given to the world. A French transla-

tion afterwards came out by Roux, along with a translation of Butter's
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method of dissolving stone by injections. It is included in the German transla-

tion of Whytt's works, which was published at Leipsic soon after his death, in

two parts, the one containing his practical, the other his theoretical writings.

Whytt's treatment of stone consisted in administering soap and lime-water

to the extent of an ounce daily of Alicant soap, and three wine pints or more of

lime-water. There -is no reason to doubt that good results occasionally followed

this treatment ; but the benefit must have arisen from such effects as the correc-

tion of acidity and the sedative influence of the lime-water, rather than from any

solvent power either in the soap or in the lime-water. In Whytt's time, no dis-

tinction had been established among the several kinds of urinary concretions.

He however remarked, that some of the concretions which he met with were not

equally affected out of the body by lime-water, so that, while he says such in-

stances must be extraordinary, he limits his original conclusion by saying, that

lime-water is, at least, a pretty universal solvent of calculous concretions. The

concretions on which he generally experimented, must have come under the head

of uric acid concretions; and in one of his experiments he hit on the most perfect

solvent of that kind of concretion ; for he put some grains of a calculus into a

mixture of potass (carbonate of potassa) and quicklime, when he found the con-

cretion to be entirely dissolved. He is even able, in the third edition of his

work, to give an explanation of the result in the following terms :
—

' The quick-

lime takes the air (the carbonic acid) from the potass, and thus it is rendered

much more caustic, and therefore fit completely to dissolve the concretion ; but

in the like proportion, the solvent is rendered too caustic for use in the living

body."

It was not till ten years after Whytt's death that Scheele discovered the

most frequent constituent of urinary concretions to be a concrete acid soluble in

alkaline ley, namely, the uric acid, so as to lay the foundation of all that has

been since ascertained with regard to the chemistry of such bodies. The reputa-

tion of other solvents has rendered the claims of lime-water obsolete in the pre-

sent day, yet as these new remedies cannot act as solvents within the body any

more than lime-water, it is possible that the beneficial effects of the latter may
have been attended to of late less than they deserve. Whytt had much corre-

spondence respecting the cases of some persons of high rank affected with this

disease ; among these are Mr Walpole, afterwards Lord Walpole of Wolterton,

the younger brother of Sir Robert Walpole, and Dr Newcome, Bishop of Llan-

daff, &c., whose cases, along with many others, are reported in his works.

Dr Rutty* of Dublin, in 1741, had communicated a paper to the Royal So-

ciety of London, on the solvent power of soap lees and lime-water over urinary

* Rutty on Joanna Stephens' Medicine for the Stone, 2d edit., London, 1745.
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concretions out of the body; but he did not attempt to administer these remedies

internally, till he learned Whytt's method, as described in his first paper.

A great part of Whytt's treatise is taken up with the investigation of the

chemical character of lime-water, a subject, particularly at the time when the

original paper was published, very little understood. In the third edition he

takes the opportunity of stating how much light had very recently been thrown

on the chemical relations of lime by the discoveries of Dr Joseph Black, then

Professor of Chemistry in the University of Glasgow. Whytt now understood

the change produced on limestone and shells by fire ; also why quicklime by

exposure to air loses its acrimony, and becomes insoluble in water ; again, why
lime-water by the same exposure throws up an earthy crust and loses its solvent

virtues.

In the " Edinburgh Essays, Physical and Literary," of date 1750, Whytt pub-

lished a paper on the various strength of different lime-waters. This paper,

which is reprinted in the edition of his works edited by his son, was occasioned

principally by objections raised by his colleague Dr Alston, Professor of Materia

Medica, to some of his statements regarding lime-water. The controversy be-

tween the two professors is worthy of a short notice, were it for no other purpose

than to add to the many examples, showing how insuperable, in things afterwards

found to be most simple, the obstacles to discovery continue to be, so long as the

true principle applicable to the case is unknown, as well as how much instruc-

tion is contained in the study of such impediments when once overcome. It

seems to the present age almost incredible, that ingenious trains of experiments

and long dissertations should have been necessary to settle such points as how

much more soluble in water oyster-lime is than stone-lime, how much double

lime-water exceeds single in strength, or why lime-water made in close vessels is

more powerful than that made in open vessels. Whytt and Alston, in common
with the whole chemical world at that era, did not expect to dissolve any quan-

tity of lime, however small, by throwing on it any quantity of water, however

great. They did not believe lime-water to be a mere solution of lime, but held it

to be a liquid formed by the impregnation of water with certain virtues derived

from the lime. Whytt regarded oyster or cockle shell lime-water as stronger

than stone lime-water, resting this inference on the irrefragable proof, that the

specific gravity of the former is greater than that of the latter. It were super-

fluous to trace out the particular sources of the discrepancy of opinion between

the two professors. It does not appear, however, to have occurred to chemists of

that period, till Black took up the inquiry, that what they called lime contained

insoluble foreign matters, or that the water employed was not always of the same

purity, or that it was necessary to attend to the variation of temperature in their

several experiments. Yet this controversy between Whytt and Alston proved

the immediate cause of most important results. In the interesting account which
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Dr Black gives of the circumstances attending his discovery of the nature of

calcareous earth, magnesia, the alkalies, and their relation to fixed air,—the very

foundation of modern chemistry,—he says, " I think it still worth your while to

hear a history of the investigation." * * * " But I was peculiarly excited to it

by the then recent discoveries of the power of lime-water to give relief in cases of

the stone and gravel, in which it was supposed to act by dissolving those concre-

tions, and expelling them out of the body. Dr Whytt and Dr Alston, professors

in this university, were then employed in a dispute on this subject. They both

believed that it had efficacy ; but Dr Whytt imagined that he had discovered

that the lime-water of oyster shell-lime had more power as a solvent than the

lime-water of common stone lime. I therefore conceived hopes, that by trying a

greater variety of the alkaline earths, some kinds might be found still more dif-

ferent by their qualities from the common kind, and perhaps yielding a lime-water

still more powerful than that of oyster-shell lime." *

Thus the elaborate experiments of Whytt and Alston on single and double

lime-water, and on the comparative solubilities of oyster, cockle, egg-shell and

limestone lime-water, however vain and fruitless they may seem on a cursory

view, held a share in the origin of the great discoveries which, within a short

period of their date, placed the science of chemistry on a wholly new and extended

footing.

The original paper in " The Edinburgh Medical Essays," on the virtues of soap

and lime-water, which grew into the treatise as it now appears in the collected

edition of his works, was published, as already stated, in the year 1743. Up to

this time the same professors had continued to teach in the medical department

of the university.

Among Whytt's medical friends, Dr Pringle, afterwards Sir John Pringle,

stands pre-eminent. Pringle, after taking his degree at Leyden in 1730, had

come to Edinburgh with the purpose of settling as a physician ; nevertheless, in

1784, he accepted the office of Professor of Moral Philosophy in the university.

In 1742 he commenced a new career, by becoming physician to the Commander-

in-Chief of the British forces in Flanders. He retained his professorship till

1745, when he resigned. He settled a short time after in London, when Whytt
commenced a close correspondence with him on medical subjects, which was con-

tinued to the last year but one of Whytt's life. After Whytt's death. Sir John

Pringle assisted his son in the publication of the collected edition of his works.

In 1743 or 1744, Dr Innes, one of the four Professors of Medicine elected in

1726, fell into ill health. It appears that in the division of labour among these

four professors, Rutherford and Innes lectured on the practice of medicine,

Sinclair on the theory of medicine, and Plummer on chemistry, or rather on

* Black : Lectures on the Elements of Chemistry, by Robison (1803), vol. ii. p. 53.
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chemical pharmacy, while Alston, who had been long previously King's Botanist,

taught after the 3'ear 1738, materia medica and botany. About this time

Sinclair's health also began to give way. The precise date of the death of Dr

Innes does not appear. It was, however, during the confusion and interruption

to the business of the university caused by the rebellion in 1745 and 1746.

Neither is it certain at what time Whytt first began to do duty in the university.

The date, however, of the commission, appointing him Professor of the Theory of

Medicine, is August 26, 1747. There is no doubt something confusing in this

account ; but the matter plainly stands thus : the death of Innes made a vacancy

among the four original Professors of Medicine, which was supplied by the elec-

tion of Whytt ; but Innes being a supernumerary professor of the Practice of

Medicine, the real intention was, that the new professor should fill the place of

Sinclair, who was no longer able for his duty, and whose successor he is some-

times said to have been. Accordingly it appears to have been stipulated on the

appointment of Whytt, that even if another vacancy should occur among the

four original professors, there should be no new election. The minute of the Town-

Council relative to the election bears, that Dr Whytt, as substitute-professor,

" had given universal content to all the gentlemen learned in that science."

Whytt ranks among the able professors placed in the university by the influence

of Provost Drummond. He was the most conspicuous citizen of Edinburgh at

this era ; and to him and the first Monro the ]\Iedical School and the Infirmary,

which go hand in hand, owe their early prosperity. In the long list of distin-

guished men appointed to chairs in the university under Drijmmond's auspices,

there stand, besides the subject of this Memoir, Colin Maclaurin, Matthew

Stewart, William Cullen, TnoiL^s Young, Monro Seamdiis, Adam Ferguson,

Principal Robertson, Hugh Blair.

If the chronicles of those times are to be trusted, another illustrious name

must share in the merit of these appointments. Dr Somerville, in his " Life and

Times," says, " I know it to be a fact, that Provost Drummond, the most meri-

torious benefactor of the community over which he presided, did not find himself

at liberty to promise any preferment at the disposal of the Town-Council of Edin-

burgh, without the previous consent of Lord Milton, the delegate and political

agent of Archibald Duke of Argyle. To such an extreme was this scheme of

universal patronage stretched, that it was always deemed prudent to obtain

Lord Milton's good will, before making any application, even for places of

the most inconsiderable emolument and importance. It was fortunate for the

public, that in the enlightened scheme for filling the chairs in the university

with the ablest candidates, the Duke of Argyle concurred with Provost

Drummond." *

Somerville, " My Life and Times," p. 38C.
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From the year 1744 to 1751, Whytt had been engaged in the preparation of

a work " On the Vital and other Involuntar}^ Motions of Animals." In the latter

year it was published. This is the work which fixed the attention of physiolo-

gists throughout Europe on its author. It was the misapprehension of certain

expressions used by him in this work, which led to the current belief, not yet

wholly obsolete, that his views largely corresponded with those of the followers of

Stahl. Even Haller inadvertently named him a semianimist, as if he had

been the advocate of a part of the Sthalian doctrines. Nothing can be more

erroneous. Whytt held nothing in common with the peculiar ideas of Stahl.

A very few observations will suffice to prove how little there was of coincidence

between his mode of thinking and that of Stahl.

The essential feature in the doctrines of Stahl is, that a rational, thinking,

provident, conscious principle, originates and directs all the phenomena of living

nature. It was a systematised extension of views which had never ceased to

prevail from the earliest times. The ancients could discover no active agency in

mere matter. Their poets peopled every moving scene with intelligent beings,

Dryads, Hamadryads, Nymphs, and Demigods, to account for the visible effects.

And when philosophers arose, they borrowed their source of force from man's

own intelligence, and ascribed natural phenomena, inorganic and organic, to a

soul ; whence arose their soul of the world, their vegetative soul, their animal soul.

The idea of the latter, in particular, was never lost sight of throughout the entire

range of ancient physiology. The belief in the agency of the soul, as productive of

the phenomena of animal life, is continued through the mystifications of the scho-

lastic ages, through the paradoxes of Paracelsus, through the profundities of

Des Cartes, till it begins to be systematised in the vagaries of Van Helmont and

Stahl. The activity relied on is an archeus, a psyche, an anima, a soul, a mind

;

that is, an agency framed on the conviction of the sufficiency of man's intelligence

to determine new combinations of matter for the production of effects which he

has premeditated.

There is still room in modern science for such a psyche. When the modern

inquirer, not content with mere law, seeks the causes of organic phenomena, he

cannot dispense with such an active force. As human intelligence is required to

combine and regulate the natural forces which man avails himself of to produce

his own works upon the earth, so with all the new found activity of matter

derived from the interchanges of such forces as light, heat, aggregation, affinity,

electricitj^ polarity, gravitation, a psyche is indispensable to direct the order and

course of these forces in the development and working of organic bodies. Deduct

the effects of all these natural forces in the development and working of organic

bodies, and the residual force found to be necessary constitutes the psyche—

a

force just as essential in a " protococcus" as in the human frame. If it be other-

wise sought for, it is nowhere else to be met with, except in the potentialities

vol. xxiii. part I. 2 a



108 DR seller's memoir OF THE

existing in the reproductive cells derived from the first parent, or first parents of

every species in the organic world.

Whatever else it may be, this psyche is a force ; for, according to the received

axiom in physiology, every act of life, every exercise of intelligence, every burst

of passion, determines some change on the affinities in the textures concerned,

while every change on such affinities is a source of force or motion.

Whytt's psyche was nothing different from that now referred to—such a

psyche as is held essential by many modern jihysiologists, such a ps3^che as was

upheld with much force of argument by the present Professor of Anatomy, in a

discourse which he has not yet published, delivered to the Royal Medical Society

several years ago.

Whytt, then, it will be found, was no follower of Stahl ; he was no animist

or semianimist, any more than the major part of the medical world.

As already said, the "Essay on the Vital and other Involuntary Motions of

Animals," was published in 17-31. Whytt professes to found his views on expe-

riment and observation. He sets out with stating, that we have no reason to

doubt that voluntary motion is produced by the immediate energy and agency of

the mind, and that following the path pointed out by the ordinary simplicity of

nature, he has endeavoured to show that all the spontaneous motions of animals

are explicable upon the same principle, and owing to one general cause, lie

remarks that Stahi., " by extending the influence of the soul, as a rational agent,

over the body, a great deal too far, has been the occasion why, for many years, it

has been considered rather as a subject of ridicule than deserving a serious

answer." He cites a passage from Leibnitz, in which that philosopher supposes,

" that the natural motions may be owing to some impressions made on the mind,

although we are no ways conscious of them." "But there is no need," Whytt
says, " of understanding the nature of the soul, or the way in which it acts upon

the body, in order to know that the vital motions are oAving to it ; it is sufficient

if we know from experience that it feels, is endued with sensation, and has a

power of moving the body." "It is no sufficient objection that we are uncon-

scious of the interposition of the mind in the vital and other involuntary move-

ments ; for some, he continues, of the voluntary motions, are performed, while

we are insensible of the power of the will being exerted in their production."

* * * * " Some, indeed, have gone so far," he says, " as to deny that even

voluntary motions are owing to the mind as their proper cause, and have thought

the direction of the voluntary muscles, in order to perform the various motions

of the body, to be an office which its faculties are not equal to. But if these

motions be not owing to the mind, from what cause, external or internal, do they

proceed ? They cannot be owing to the body alone ; and it is in vain to attribute

them to any law which it may be pretended the Deity has established, since a

law can produce no effect of itself ; and without some agent to execute, it is only
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a mere name or empty sound ; they must therefore be ascribed either to the im-

mediate agency of the Supreme Being, or to that of some general inferior nature

which He has constituted for this purpose, or to the energy of a particular active

principle united with the body. The first two suppositions are indeed possible,

but not probable, as is the last ; whence it may be inferred, that not only the

voluntary motions, of which we are immediately conscious, but those also which

we do not advert to, proceed from that sentient and intelligent principle with

which the Creator has animated our bodies, whose powers and operations, it

must be owned, are in many instances as much above our knowledge, as is the

nature of its union with the body, or the manner of their reciprocal action upon

each other."*

These few passages will afford some insight into the manner of Whytt's

reasoning, and at the same time show the kind of language which he habitually

employs.

In considering more in detail the system developed in this work, it is essential

to take note of the two distinct subjects embraced in the title ; namely, the vital

motions of animals, and the involuntary motions of animals, such as, in the lan-

guage of physiology, are not vital. It has so happened, that the views enter-

tained by Whytt, respecting vital motions, namely, the contraction of the heart,

the contraction of the arteries, and, generally, the action of the organs concerned

in the maintenance of the living system, have not, in their full extent, been very

largely adopted by modern physiologists ; that is, to the extent of regarding the

contractility of the moving fibre, as being dependent on an influence derived from

the nervous system. Recent physiology nevertheless fully admits that all such

organs are retained in harmony with each other, and with the whole system, by

means of the nerves distributed to them. Whence it follows, that much even of

what Whytt taught under the head of vital motions, in a certain measure, repre-

sents modern ideas. On the other hand, the views enunciated by Whytt respect-

ing such involuntary motions of animals as are not vital, are found to be not

only the foundation of the present ideas as to these movements, but to represent

the largest generalization which has been reached as to the general nature of

activity in the organic world.

Whytt's great claim to a permanent fame, therefore, is that he was the first

to strike into a right path of investigation, in respect to the relation, in organic

nature, between external impressions and the movements determined from within

the organism. Between this generalization and the doctrine of Whytt, in regard

to the non-vital involuntary movements of animals, it is easy to trace the con-

nection step by step. Whytt, throwing aside the rational soul of the Stahlians

as a cause of non-vital involuntary motion, ascribed such movements to the effect

* Works, pp. 140-160.
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of a stimulus acting on an unconscious sentient principle. He does not say that

the animal is necessarily unconscious of the stimulus ; neither does he say that

the animal is unconscious of the muscular contraction which constitutes the

movement ; what he enforced is, that there is no consciousness of anything inter-

posed between the consciousness of the impression, and the consciousness of the

muscular contraction excited. For example, if a person sitting with his naked

foot on the fender, sees a tea-kettle about to boil over, he withdraws his leg ; if

on the other hand, some drops of boiling water fall on his foot without warning,

his leg is snatched back in spite of himself. In both cases there is the conscious-

ness of an impression preceding the withdrawal of the limb ; but between the

sight of the kettle about to boil over, and the consciousness of the muscular con-

traction by which the leg is moved backwards, there is the consciousness of a

voluntary act, the consciousness of the act of mind termed a volition. In the

second supposition, on the contrary, between the consciousness of the sensation

caused by the hot drops of water, and the consciousness of the muscular contrac-

tions concerned in moving back the leg, there is nothing directly discovered to

intervene. Here Whytt, not having learned to lay aside the philosophy of causes,

and to content himself with the expression of a law, infers that the movement is

caused by an unconscious act of a sentient principle. Had Whytt in such a case

omitted to assign a cause, he would not have satisfied those to whom he addressed

himself. Men were not then accustomed to be put off with a law of succession

between two phenomena in lieu of a cause. Doubtless they were then too often

treated to a supposition instead of a reality, when the}'^ asked for a cause ; yet

not oftener than in the present day a law is made to pass for an explanation,

when it is destitute of any such significance, being an individual case in a species

of facts, instead of being an example of a species known to belong to a genus of

facts. Reflex action, in all its vast extent, is but a species, which not being

yet referrible to a genus, receives no explanation,—it is a fact that may be multi-

plied to the utmost extent, without exhibiting anything of a generic character.

Gravitation itself would form but a species of facts, did it not include the heavens,

as well as the earth.

To resume, Whytt moreover explains, that he could not dispense with this

sentient principle, because he saw no other mode of connecting the impression

from without with the more or less distant sources (that is, the origins of the

efferent nervous filaments) of the influence from within, by which a complex out-

ward movement was to be effected. Had the idea been developed in his day, of

the white fibres of the nervous system being merely internuncial, then there

would have been no need of such a principle.

He represents, it is true, this principle as a part of the soul ; but doubtless he

would have been content had he believed in the purely internuncial office of the

white fibres to reduce it at least to its modern rank of a vis nervosa, which indeed
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is hardly less of an assumption than his sentient principle. How little he was

dogmatic on this point, is proved by the following paragraph:—" If any one

should yet contend that the sentient principle governing the vital motions is yet

different from the rational soul, I shall not further dispute the matter with him

;

since whatever is advanced in the present essay upon the subject of the involun-

tary motions of animals, will hold equally true, whether the sentient and rational

soul be supposed distinct or otherwise."*

Though Whytt made no pretension to advance the knowledge of his day as to

the mere anatomy of the nervous system, the merit may be claimed for him of

having first published a view which was then only a probable assumption, but

which is now regarded as fully established. The point referred to constitutes one

of the most prominent features in the recent descriptions of that system, namely,

the complete isolation of the minute filaments entering into the nerves ; in other

words, the belief that their component filaments are unbranched, and quite dis-

tinct one from the other, from their origin to their termination. Though some

confusion of ideas exists on this subject, which after Whytt's time was never

forgotten, it will be easy to bring proofs, as will be seen hereafter, that he was

the chief authority thereon for the long period of seventy years.

But it is impossible not to perceive that the belief in the complete isolation of

the filaments of the nerves must have been the direct step to the idea, whether

that idea shall or shall not require after modification, of the white fibres of the

nerves and medullary substance being merely conductors of influences generated

elsewhere, and therefore to the correlative notion of the grey matter being the

seat of force. Discovery still proceeded in the path indicated by Whytt, when

the nervous system in animals low in the scale of being was shown to consist of

a detached series of nervous knots connected by commissures, and communicat-

ing with the external surfaces by nervous filaments. And even when animals

were remarked destitute, like vegetables, of nerves, but still performing move-

ments analogous to those determined through nerves, so as to render it necessary

to omit all reference to nerves, by saying that one animal surface receives im-

pressions and another originates movements, there is still merely an extension

of Whytt's proposition, however unwilling he might have been, if still in the

world, to bow to its truth. What is here claimed for Whytt, is merely the initi-

ation of one or two principal steps in the way to this generalisation, without in

the least derogating from the unquestionable merit of the subsequent labours,

particularly of Unzer, Prochaska, and Marshall Hall.

Hesides these more general observations, a few words in detail may be added

for the full understanding of the views which Whytt adopts. He does not

attempt to systematise the animal movements beyond the common division into

* Works, p. 150.

VOL. XXIII. PART I. 2 H



112 DR seller's memoir OF THE

voluntary, involuntary, and mixed. He regards the purely involuntarj^ and

mixed sort, in reference to this principle, as falling under the one head of spon-

taneous movements. The purely involuntary movements to which he chiefly

refers are the vital movements before enumerated, such as the contractions of the

heart, those of the blood-vessels, and the like ; but as it is designed to speak of

these apart, all reference to them is for the present avoided.

Many of the spontaneous movements which he cites as examples of his prin-

ciple are of the mixed kind, or at times under the control of the will. A few of

them, such as sneezing, cough, hiccup, and vomiting, may be pronounced abso-

lutely involuntary. Further, some of them contrast with others as being very

simple in their character, such as the closing of the pupil under a strong light,

the shutting of the eyelids when the eye is threatened, the adjustment of the

membranes of the internal ear by the small muscles within the tympanum to the

variations of sound. These obtain the name of simple, because, while the afferent

nervous filaments by which the outward impression is conveyed to the nervous

centre must all terminate in close proximity to each other, the efferent filaments

by which the motor-influence is transmitted to the muscular fibres concerned, can

hardly originate at any considerable distance from the former or from each other.

On the contrary, such spontaneous movements as respiration and its many modi-

fications, of which sneezing, cough, hiccup, are instances, full vomiting, degluti-

tion, the evacuation of the rectum, and of the bladder, while these movements

are still exempt from the control of the will, and a large class of cases resembling

voluntary acts in which the muscular effort is certainly involuntary, or at least

without intervening reflection, as in the case of hot water falling on the foot, are

all truly named complex acts ; because, though the afferent filaments conveying

the out^^'ard impression in these examples may spread over ]jut a small area of

the sensory organs, the efferent filaments carrying outwards the motor influence

being necessarily numerous, would seem to originate from points distant from

the former, and distant from each other in the central organs.

The principle on which Whytt explains all such cases is, that the outward

impression (outward as respects the nervous centre) made on the peripheral

extremity of a nervous filament being conveyed to the brain, determines the

transmission of motor influence by another nervous filament reaching the mus-

cular fibres which are to be called into activity ; and that this effect takes place,

however distant the origin of the second filament, producing the motion, may seem

to be from the termination of the first filament, producing the necessary affection

of the nervous centre, that is, according to him, an unconscious operation of mind,

or of a sentient animal principle.

The discovery of numerous before unnoticed relations between the several

parts of the nervous sj'^stem, much as it has improved the knowledge of the pur-

poses served by the peculiar conformation of the nervous organism, has not ma-
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terially bettered the understanding of the principles of activity therein operative.

The same forms of expression are still applicable to the principle recognised by

Whytt, and to that acknowledged in the systems of the present day ; namely,

the continual application of such and such a stimulus succeeded by the appointed

effect of each stimulus according to its nature, and the circumstances attending

its operation.

Numerous authors are cited from Aristotle to Boyle, Glisson, Redi, Wood-

ward, and Kaau Boerhaave, who have vaguely spoken of motions in animals

after decapitation, as if they had anticipated Whytt in his peculiar views.

Of these, Glisson, Harvey's contemporary, who, as the author of the idea of

irritability independently of the nerves, holds a high rank among physiologists,

ascribes the movements in decapitated animals to what he terms perception of

impressions without sensation. It is possible that the idea in Glisson's mind

justly represented the modern reflex action ; but his mode of expression is too

vague to have had much influence on the progress of this part of physiology.

Whytt recounts the experiments of Redi and Kaau, such as removing the

brain and cutting off the heads of tortoises, without destroying life even for many

months ; and suddenly cutting ofl* the head of a cock in rapid motion, after

which he continued to run for several yards. Such experiments led Whytt to

make the following observation, which brings his ideas still more close to the

modern notion of the reflex action of the spinal cord,—" the spinal marrow does

not seem altogether derived from the brain and cerebellum, but probably pre-

pares a fluid itself, whence it is enabled to keep up the vital and other motions

for several months in a tortoise after the head is cut off."

To discover the extent of Whytt's influence on the subsequent progress of the

physiology of the nervous system, some notice must be taken of the labours of a

few of his immediate and more recent successors, particularly Unzer, Prochaska,

and Marshall Hall.

Unzer or Untzer of Halle, though younger than Whytt, began to publish

before him. But his " Principles of Physiology," the only work in which he

touches closely on Whytt's subject, was not published till some years after the

death of the latter. For an excellent translation of this book, published in 1851,

English physiologists are indebted to Dr Laycock. Unzer was well acquainted

with Whytt's writings. Speaking of what he terms nerve-forces, he says,

—

" Modern physiologists, whose names Europe knows and honours, Haller, Zim-

merman, Whytt, and Oeder, have rendered much service to this department of

physiology, by contributing materials thereto."

It has been imagined that Unzer's views are far in advance of Whytt's

This idea rests on a misunderstanding of what Unzer taught. Unzer's book is

indeed full of ability, and is even at this day of surpassing interest to the physi-

ologist, but it abounds in language peculiar to the author to so great an extent.
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that before the light which recent discoveries have thrown on the subject it must

have been difficult to decipher. Whence it is probable that the influence of

Unzer's writings over the progress of nerve-knowledge has often been overrated.

What may be described as his general view of " vital and other involuntary

motions," does not differ essentially from Whytt's,—that is, he regards them as

originating in an external impression, conveyed by nerves to the brain and mind,

whence a motor influence is transmitted by nerves to the organ to be called into

motion. In one respect, under this head, he goes beyond Whytt, namely, in the

full manner in which he treats of instincts, " which," he says, " nature has so

placed under the control of external impressions, and so arranged the natural

functions of the organs, that animals cannot prevent their manifestation." But

in what has been mistaken for a nearer approach to the modern " reflex action"

in Unzer's views, there is really a retrograde movement. The word " reflex" is

employed by him in a sense altogether different from its acceptation at present.

When he says that sensory impressions are reflected into motor force, what he

means is, that reflexion takes place through communications between nervous

filaments, altogether independently of the l)rain or spinal cord. And while he

speaks of ganglia being sometimes concerned in this reflexion, he does not regard

those as subordinate nervous centres, but merely as mechanical obstacles, along

with others which he names, by which the ascent of an impression to the brain

is impeded.* Whence it follows that this kind of reflex action is merely a revival

of the old view of Willis as to sympathetic acts being the effect of communica-

tions between nerves in their course,—an idea rejected by Whytt, and disproved

by Monro.

Prochaska, who appears next after Unzer to have taken up the views initi-

ated by Whytt, belongs to the last quarter of the eighteenth, and the first twenty

years of the nineteenth century. He was Professor of Anatomy and Diseases of

the Eye, first at Prague for twelve years, and then at Vienna. His Latin work,

" De Functionibus Systematis Nervosi," was first published in 1784. He shows

himself familiar with the views of Whytt, whose works he repeatedly quotes.

He is also well acquainted with Unzer's works. It is undeniable that Prochaska

made a considerable advance on the views of Whytt. And yet a few quotations

will prove how little these two physiologists differ in principle. " Thus," Proch-

aska says, " although a nerve be necessary to sensation and motion, it does

not excite motion or feel alone, but feels by means of the brain, which, when an

impression made on a nerve is brought to it, communicates the impression to the

mind ; and the nerve produces motion by means of a muscle, when the nerve

descends to the muscle and excites it to movement."! Such a statement might

* Unzer, " Principles of Physiology," translated by T. Laycock, M.D., pp. 223, 224.

f Prochaska, " Dissertation on the Functions of the Nervous System," translated by T. Lay-

cock, M.D., pp. 407, 408.
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readily have been made by Whytt. The next quotation shows an advance upon

Whytt's ideas.

" It certainly does not appear that the whole of the cerebrum and cerebellum

enters into the constitution of the sensorium commune, for the former portions

of the nervous system seem rather to be the instruments that the soul directly

uses for performing its own actions, termed animal ; but the sensorium commune,

properly so called, seems not improbably to extend through the medulla oblon-

gata, the crura of the cerebrum and cerebellum, also part of the thalami optici,

and the whole of the medulla spinalis ; in a word, it is co-extensive with the

origin of the nerves. * * * Xhe reflexion of sensorial into motor impres-

sions, which takes place in the sensorium commune, is not performed according

to mere physical laws, where the angle of reflexion is equal to the angle of inci-

dence, and where the reaction is equal to the action ; but that reflexion follows

according to certain laws, writ, as it were by nature, on the medullary pulp of

the sensorium, which laws we are able to know from their effects only, and

nowise to find out by our reason. * * * Since the principal function of the

sensorium thus consists in the reflexion of sensorial impressions into motor, it is

to be noted that this reflexion may take place either with consciousness or without

consciousness."

Thus reflex action in the hands of Prochaska amounts to this, that it has its

seat in the commune sensorium, or that part of the nervous centre which, exclud-

ing the cerebrum and cerebellum, is sometimes named the cranio-spinal axis.

He differs from Whytt, therefore, in excluding the cerebrum and cerebellum

from any share in the function ; and while his language is not the same as

Whytt's, because he adopts the term law to express its character, which Whytt
had refused to use, he is essentially of the same way of thinking with Whytt,

inasmuch as he says the law is written on the medullary pulp of the sensorium,

which is merely another mode of stating that there is something behind that

pulp whereby the effect is produced.

Before leaving Prochaska, however, reference must be made again to the

share Whytt had in fostering and insisting on the assumption of the complete

isolation of the minute fibrils composing the nerves. Prochaska, who was well

versed in the literature of the nervous system, refers to the isolation of the fibrils

of the nerves as a conjecture of Whytt's, while he rejects it as an improbability.

Nevertheless Unzer distinctly says, that no confusion of impressions brought by
separate channels to the brain occurs, because the nerve-fibrils are isolated.

Here he seems manifestly to contradict himself in a passage before referred to,

in which he says, that " the impression is transmitted along the nerve upwards
towards the brain ; but ere it reaches there, it is turned from its course, and so

reflected downwards, that it excites (like an internal impression) the nerve of the

other remote parts or the nerve twigs, or efferent nerve-fibrils of the part receiv-

VOL. xxni. part I. 2 I
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ing the impression." Here one would suppose that the reflexion takes place

without the brain being reached, because of a connection between the afferent

and the efferent nerve fibrils concerned ; and if that be not the case, it must be

owing to something like " induced contraction" for example, to the tis nertosn

of the afferent fibril being communicated to the efferent fibril. Be this as it

may, it does not appear to have been observed by most authors, any more than

by Prochaska, that Unzer maintained the idea of the nerve-fibrils being isolated

from their origin to their termination.

Whytt's statement on this point is clear and distinct. It was not. however,

published sooner than the year 17G4. It is not impossible that he learned this

supposition from Albinus, when he studied at Leyden ; but it is not contained in

any of the published works of Albinus. Nor could it have been, as has been

asserted, an early received idea of the Boerhaavean School ; for it is not referred

to in BoERHAAVE's Institutes,—not even in the form of a question,—amidst the

host of questions, where it could not but have had a place, if it had ever stood

among his speculations. In the manuscript notes of George Young's lectures,

taken by Whytt before he went to Leyden, the nervous fibrils are spoken of as

communicating " to appearance," as if the question of their isolation had been

already raised at Edinburgh. Sir William Hamilton, the late Professor of Logic,

in one of his elaborate notes to his edition of Reid's Works, in which he re-

proaches modern physiologists with their ignorance of what had been done by

their early predecessors, Avith respect to the minute anatomy of the nervous

system, ascribes the origin and elucidation of the idea of the complete isolation

of the fibrils of the nerves to Albinus, on the authority of two manuscript copies

of his lectures, one taken in the year 1741, the other some years later. The ridicule

which Sir William throws on Muller, for the belief that he, in 1830, liad first

estahlishcd the fact of the primitive fibres of the cerebro-spinal nerves being

isolated and distinct, from their origin to their termination, would have been

hardly deserved, had there been no record of any previous belief in that fact but

the two manuscript copies of the lectures of Albinus, of which Sir William

enjoyed the monopoly. It could hardly be that Muller had never heard of the

idea till that time. This is not what he means, but that he had established as

a fact, what was before only a probable conjecture, of which Whytt was the

reputed author. Of Whytt, Sir Willia^i makes no mention, though he plainly

took his quotation of Mijller's phj^siology from the translation by Dr Baly, in

which, at the foot of the same page, he must have seen the note by that much

lamented physician (whose recent terrible death still makes the flesh creep), to

the effect that Whytt taught the same view seventy years before.

A minute detail of the progress of the subject would be unsuitable to this

occasion. It may suffice to indicate the names of those who have taken the

largest share in its advancement,—Sir Gilbert Blane, Legallois, Herbert Mayo,
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Flourens, Muller, W.P. Alison, Marshall Hall. Marshall Hall's conclusions,

though not all implicitly received, are undoubtedly, for the most part, in advance

of all previous views. Dr Carpenter, while he admits the reflex action of the

cranio-spinal axis, in the sense taught by Marshall Hall, insists on its connec-

tion, for the maintenance of many complex acts, with sensation as existing in

the sensory ganglia or nervous parts whence the nerves of special sense originate.

Under the name " ideo-motor," he describes such acts as those of the somnambulist

as being the result of a reflex action of the cerebrum itself, while he applies the

expression " unconscious cerebration," to a supposed reflex action of the cerebrum

which may proceed without the knowledge of the individual, so as to evolve in-

tellectual products in the shape of new views of subjects previously before the

mind. On this latter point, Dr Laycock entertains similar opinions, and appears

successfully to have vindicated to himself the claim of having been the first who

conceived the idea of a reflex action of the cerebrum. This idea is highly ingeni-

ous, and plainly an extension of that developed by Whytt, but it requires a

larger consideration than the limits of this memoir permit.

The starting point in the further investigation of this subject is obviously the

following acknowledged fact, the close correspondence between which and Whytt's

view is indisputable—an impression made on the peripheral extremity of a nervous

thread is conveyed to a segment of the cranio-spinal axis, and is imparted to one

of the cells in its vesicular substance, whence an influence is transmitted horizon-

tally, by means of a white internuncial thread, to a cell of the like substance, where

motor power being generated is made to act on a contractile fibre, by a nervous

thread extended between the motor-cell and that fibre.

This faculty of motion may be described as a primary power ofthe living frame

;

that is, as conferred upon it by its original constitution. It seems not improbable

that peripheral impressions are, by the same original constitution of the frame

adjusted to the production of even very complex motions, without any controlling

influence from other parts of the nervous centre. In one of Mayo's experiments,

when the sole of the foot was pricked, after division of the spinal cord in the

back, the foot was suddenly retracted "with the same gesture as it would have

been during life." The extent to which the skeleton muscles must be called into

activity in automatic acts, produced by peripheral impressions, long before volition

begins to be exercised, cannot but be very great. Hence, probably, the early

extensive exercise of this primary reflex action, in the infant, may have very

momentous effects on the development of the whole function of locomotion in the

living frame.

Besides peripheral impressions, there is another extensive set of causes con-

tinually in force from the earliest infancy to the production of automatic acts in

the skeleton muscles; namely, emotions, passions, and the various instinctive

affections which originate in mental operations. This set of causes, doubtless.
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takes effect on appointed motor-cells in the cerebro-spinal axis, through vertical

internuncial threads in that axis. Whence arises a question for investigation,

whether each contractile fibre has a cell in the cerebro-spinal axis appropriated

to itself, and whether the same cell determines the contraction of that fibre in the

case in which the exciting influence is conveyed by a horizontal internuncial

thread, as well as when conveyed by a vertical internuncial thread. To this

may be joined another question ; namely, whether, when the same contractile fibre

is acted on by volition, the effect be produced through the same cell and the same

vertical internuncial thread.

Volition is plainly of the same character when exercised over thoughts as

when exercised over impulses to muscular contraction. It has no direct power

over either ; but by frequent exercise it can command both with a great degree

of certainty. If a thought has been once present to the mind, and has received

a certain amount of attention, it belongs to the memory, and may usually be

recalled when required. So the consciousness of the contraction of a muscular

fibre, by attention, becomes an object of memor3^ When it is recalled, the effect

of the act by whicli it was before produced is recalled also. In this manner voli-

tion plainly extends its power over the muscular frame in such acquired efforts

as skating, tight-rope dancing, and the exhibitions of the slack-wire. But it is

not improbable that the memory of the consciousness attendant on the automatic

contraction of a muscular fibre in the early period of life, is the source whence

volition derives its first power over the muscular system. The consciousness

attendant on the contraction of a set of muscular fibres must be the same,

whether the act be automatic or the effect of volition. Whence the remembrance

of the consciousness must be the same, from whichever source derived. But if

the remembrance of an act determined by volition be the condition on which it

can be repeated, the remembrance of an automatic act should be sufficient to pro-

duce that act, even though it had never before occurred under volition. Volition

is commonly represented as conative, or attended with a particular effort ; but

if it simply exert an influence on the motor cells of the cranio-spinal axis con-

nected with the motor threads spreading to the muscular fibres concerned, there is

no special effort necessary, beyond that which these cells would have exerted had

the movement been determined by horizontal internuncial threads arising from

cells acted on by afferent nervous threads from a cutaneous or mucous surface.

If there be anything entitled to the name of effort, it must be the same in a

simple reflex act as in a voluntary act.

Hitherto but a part of the doctrine taught b}^ Whytt in the work under con-

sideration has been exhibited. He extended his principle to account for the ordi-

nary action of the heart, blood-vessels, the organs of secretion, and generally to

all the organs of the living body, concerned in what is called its vegetative life.

This department of the subject he worked out with much pains, and endeavoured
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to illustrate by numerous experiments. It was in this part of his inquiry that

he fell into controversy with Haller. This controversy led to the publication of

three treatises, two, namely, in a separate form, and one in the " Edinburgh Phy-

sical and Literary Essays." These treatises are named respectively, " An Inquiry

into the Causes which Promote the Circulation of the Blood in the very small

Vessels of Animals;" " Observations on the Sensibility and Irritability of the

Parts of Men and other Animals ;" " An Account of some Experiments made with

Opium on Living and Dying Animals." All these bear on the question at issue

between him and Haller, principally as to the dependence or non-dependence

of irritability, now called contractility, in muscular fibre, on the presence of

nerves. It was already remarked, that recent physiology for the most part

rejects Whytt's view, in so far as it attributes to nerves the vital properties of

the solids concerned in such vegetative acts, while it fully admits the influence

exercised by the nervous system over their course and order. If this distinction be

borne in mind, the precise bearing of the following passage from one of our most

recent and most distinguished cultivators of the physiology of the nervous system

on Whytt's doctrine, will be fully understood :
—

" Before treating," says Mr
Brown-Sequard " of the reflex changes in nutrition, which are by far more fre-

quent and more important to be well investigated than the reflex secretions, I

must remark that the reflex character of facts more or less similar to those I

have to mention has been known for a long while ; and that the modern theory

is not far in advance of that given in this respect by Robert Whytt in the last

century. In one of his important works he has shown that the normal and

morbid sympathies either for movements, nutrition, or secretion, are reflex phe-

nomena. Still more, he has shown that the share of blood-vessels is very great

in many of these phenomena." * In all such cases, however, it is not to be

admitted that the actual properties of the molecules concerned are determined

by nerves, but only the course and order of molecular action.

It will be enough to show, in a few words, the nature of Whytt's controversy

with Haller as to the contractility of the muscular fibre. What he insisted on,

in opposition to Haller, is, that the contractility of muscular fibre depends on

an influence derived from the nerves,—that is to say, he gave to the nervous

power the double ofiice of imparting to muscular fibre the susceptibility of con-

tracting on the condition of the application of a stimulus, and, as a stimulus, of

exciting this susceptibility into actual contraction. The influence conveyed by a

nerve to a muscular fibre is manifestly one of the causes by which its contraction

is excited. But it does not at all follow that a similar influence conveyed by the

nerve should impart to the muscular fibre its susceptibility of contracting. A
muscular fibre contracts under the application of other kinds of stimulation,

* Lectures, « Lancet," 1858, vol. ii. p. 468.
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even after its communication by nerves with the nervous centre is destroyed.

The onus of proof, therefore, that nervous influence is necessary to maintain the

susceptibility of contracting, obviously lies on those who take the affirmative side

of the question. Contractility is present to a certain measure in the vegetable

kingdom, and in animals destitute of nervous system, whence it may be con-

cluded that the organic structure, independently of nerves, is susceptible of the

endowment of contractility. If it be said that mere structure cannot assume the

vital property of contractility, the answer is, that the difficulty is only thrown

farther back by imposing the communicating power on the nervous organism.

Such an organ as the heart may be supposed to possess contractility, indepen-

dently of its nerves, by its original structure ; but it is not necessary to admit

that nothing but phj'sical force is concerned in its production. All the physical

forces known to operate in living nature may have been concerned in its de-

velopment ; but if from the whole amount of their known efficiency an unsatis-

factory solution is obtained, then the residue of force or of direction requisite

must be sought for in the potentialities of the reproductive cells derived from the

first parents of the species. On this principle only can the development and

properties of organic structure be placed. Nor is this view to be rejected as out

of the line of physiological evidence. The case is quite parallel to that of the

main-spring of a watch. The motive property of such a spring depends on its

artificial chemical constitution, and the manipulations necessary to impart to it

proper temper ; all these are the effects of ph3'sical forces, directed nevertheless

by human intelligence. Thus, even in the effects of a watch-spring, there is pre-

sent an effect of the Dixinw inirticAiJa aiirw, which circumstance renders the case

quite parallel to the representation given above of the organic structure of the

heart. Men do not find watch-springs in nature, but have devised the mode of

making them. They have not discovered that the hearts of animals are produced,

except as a result of a succession of changes, beginning with the union of the re-

productive cells derived from the first parents of every species. "Whence, as

there is included in the movement of the main-spring of a watch an element de-

rived from human intelligence, so there is, in the contraction of an animal's heart,

a something which cannot be identified with the effect of physical force.

Thus the argument from the necessity of something else than organic structure

to account for contractility, used in favour of nervous influence, falls to the

ground. Nor indeed was there ever any other strong argument. But, though

this part of the subject in dispute between Whytt and Haller has become

obsolete, no professed physiologist can wisely omit to study the controversy

carried on between two men so distinguished by extent of knowledge and depth

of penetration.

It should be added, that both Unzer and Prochaska took the same side with

Whytt, in opposition to Haller, as to the dependence of the muscular structure
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for its contractility on nerves. In his argument against Haller on this point,

Unzer quotes Whytt's experiments, and Prochaska r efers to Whytt as his

leading authority after the following statement :
—" It is now placed heyond

doubt by many distinguished men, that the irritability of muscles is dependent on

the nerves, and cannot exist without them."

The work which has occupied so large a share of attention was published, as

before mentioned, in 1751; the two former of the relative treatises, under the

name of " Physiological Essays," in 1755, the latter, in the " Edinburgh Essays,

Physical and Literary," in 1756. A French translation of the Essays was

published in 1759 by Thebault.

In the numbers of the " Monthly Review" for March and June of 1 752, there is a

full analytical review of the Essay, from the close of which the following quota-

tion is taken :
—" Thus have we attempted a regular abstract of this curious

treatise, which must suffer, in point of force and perspicuity, from any consider-

able abridgment, and which cannot fail, in the whole, of entertaining our medical

and physiological readers. Besides the advantage of an appropriate and exten-

sive erudition, which manifests itself without affectation or pedantry, our author

discovers a great natural fund of thinking. His conceptions are happy ; his

reasoning clear and strong ; his expression elegant—free, to the best of our recol-

lection, from the least peculiarity of the Scottish idiom ; and so properly adapted

to his subject, that it seems to flow of course from his intimate consideration of

it."*

In 1752, Whytt was elected a fellow of the Royal Society of London, to

the Transactions of which he afterwards contributed several papers. While he

was engaged in these labours, the results of which have been the subject of

commentary, considerable changes had taken place in the university. In 1754,

Monro Secunclus, to whose lectures some who are yet alive have listened,

was associated with his father in the Professorship of Anatomy. In the same

year Whytt's brother-in-law, James Balfour of Pilrig, was appointed Professor

of Moral Philosophy. In 1755, Dr William Cullen, then Professor of Chemis-

try in the University of Glasgow, was appointed Professor of Chemistry in Edin-

burgh, on the failure of Dr Plummer's health. Dr Plummer's course appears to

have been in a great measure confined to Chemical Pharmacy. In the " Medical

Essays," he published papers—on the Preparation of mercury and antimony, which

bears his name ; on the analysis of the Moffat water ; a case of Hydrophobia.

Fothergill says of him—" Plummer is no more ! He knew chemistry well.

Laborious, attentive, and exact ; had not a native diffidence veiled his talents as

a prelector, he would have been among the foremost in the pupil's esteem : such

was the gentleness of his nature ; such his universal knowledge, that in any dis-

* Vol. vi. p. 467.
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puted point of science the great Maclauein always appealed to him as to a

living library ; and yet so great his modesty, that he spoke to young audiences,

upon a subject he was perfectly master of, not without hesitation." Plummer
died the year after Cullen was appointed his successor. In 1756, as Dr Ruther-
ford's health began to decline, he gave up the chemical lectures, which were
then divided between Monro Primus, Whytt, and the new Professor of Chemis-

try. In the same year Dr Thomas Young was appointed Professor of Midwifery

in the room of Mr Robert Smith, who in 1739 had succeeded Mr Joseph Gibson.

Dr Young Avas unquestionably the founder of the celebrity of the Edinburgh

School of Midwifery.

The lectures, with the exception of the lectures on anatomy, were still de-

livered in Latin, in which language some of the professors are said to have displayed

great excellence. Somerville, in " My Life and Times," bears testimony to the

great eloquence in that language of Sinclair, and also of Pringle, when Profes-

sor of Moral Philosophy, whose Latin lecture once a week was, he says, much
run after. Whytt is also reported to have shone in that language. In 1759,

Adam Ferguson became Professor of Natural Philosophy, nor was he appointed

Professor of Moral Philosophy till ten years later. In 1760, Blair became Pro-

fessor of Rhetoric; in 1761, John Hope was appointed Professor of Botany in

the room of Alston, who died at an advanced age in the previous year. In 1762,

Robertson, the Historian, was appointed Principal in the room of Goldie, who
had succeeded the younger Wishart in 1736. In 1764, Whytt's brother-in-

law, James Balfour of Pilrig was appointed Professor of the Law of Nature

and Nations; he appears to have held this Professorship along with that

of Moral Philosophy for a few years, or until Adajm Ferguson was made Pro-

fessor of Moral Philosophy in 1769 ; the other chair he held till 1779, but lived

till 1795.

Whytt's greatest practical work is his book, " On Nervous, Hypochondriac,

or Hysteric Diseases, to which are prefixed some remarks on the Sympathy of the

Nerves." This work was published first in the year 1764. While it is a practi-

cal work of much value, it is at the same time an extension of the views exhibited

in the " Essay on Animal Motions," and an able commentary thereon. In the

preface to his work he says, " The design of it is to endeavour to wipe ofi" the

reproach, that the name nervous has been bestowed by physicians on all those

diseases of the nature and causes of which they are ignorant ; and at the same

time to show how far the principles laid down in his essay on the vital and

other involuntary motions of animals may be of use in explaining the nature of

several diseases, and consequently in leading to the most proper method of

cure."

The doctrine of sympathy which he lays down in the preliminary dissertation,

" On the Sympathy of Nerves," is a corollary to the conclusions of his work on
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vital and other involuntary motions. In respect, indeed, to one great order of

sympathies, it is a simple extension of that work.

He rejects the opinion that sympathies depend on the continuity of the

cellular tissue throughout the body, on the peculiar distribution of the blood-

vessels, on the affinities of particular membranes, or on identity of organic

structure in remote parts. He refers to Willis, as the author of the doctrine

that all sympathies are effected through nerves, while he rejects his parti-

cular view of all sympathies being dependent on the varied communications

of different nerves throughout the body. He maintains that all sympathies

take place through the nervous centre by means of nerves ; for example,

that the tickling of the fauces excites vomiting, not because there is a commu-

nication between the nerves of the fauces and the nerves of the stomach, but

because the nerves of the part affected by the tickling convey the impression

to the nervous centre, whence, by the constitution of the living frame, a motor

influence is transmitted through nerves to the many muscular fibres, by the simul-

taneous action of which vomiting is effected ; again, for a second example, an

ulcer of the bladder is attended with a pain in the sole of the foot, not because

the nerves of these two parts communicate in their course, but because the im-

pression made on the nerves by the irritation of the bladder being carried on-

wards to the nervous centre, excites an influence by which the nervous fibrils

spreading to the sole of the foot are stimulated, so that these two sets of nervous

fibrils become similarly affected.

" If it should be objected," he says, " that it is as difficult to account for a

sympathy between the nerves, at their origin in the brain, as in their course to the

several parts, where they happen to be connected ; I answer, that the purpose of

these observations is not to explain how the different parts of the body can be

endowed, by means of the nerves, either with a sentient or a sympathetic power,

but to endeavour to trace the sympathy of the nerves to its true source, which I

take to be the brain and spinal marrow."

Sympathies are commonly referred to the two heads of sympathetic acts and

sympathetic sensations, while, under the former head, it should be understood, are

included not only such acts as vomiting from tickling the fauces, but also acts

belonging to the circulation of the blood, secretion, and the vegetative functions

in general. Among the examples given by Whytt falling under what may be

called the first order of sympathetic acts, is sneezing from a sudden light falling

upon the eye, yawning, and even vomiting, from the sight of a person yawning

or vomiting, closing of the eyelids from a loud sound, such as the report of cannon,

convulsive movements of the whole body from tickling the soles of the feet. As
examples of sympathetic motions of the second order, many are the results of

affections of the mind, such as redness and glow of the face from sense of shame,

paleness of the face from fear, flow of the tears from grief, abundance of limpid
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urine from anxiety of mind ; to these may be added, discharge of tears from acrid

substances, as mustard in the mouth and throat, the same from acrids affectins:

the nose, the copious secretion of saliva from the smell or sight of grateful food.

Of sympathetic sensations, the examples are, uneasy sensation affecting the teeth

from grating sounds, as the noise of a file, pain in the forehead from a draught of

cold water, pain of the head from irritation of the stomach, dimness of the eyes

from disordered stomach, pain at the top of the shoulder from inflammation of

the liver, headache from tight shoes.

It will appear from the case referred to above, in which tickling the fauces is

regarded as the cause of vomiting, that Whytt's account of sympathetic acts

exactly coincides with the view he takes of involuntary motions in his work on

that subject. Nor is it to be doubted that that view is substantially correct,

—

namel3% that the peripheral extremity of an afferent nerve being affected by an

impression, there results a corresponding condition of the nervous centre, whence,

in accordance with the constitution of the living frame, a motor influence is

determined, through efferent nervous filaments, to particular organs which are

thrown into movement. In short, that sympathetic acts are reflex acts, deter-

mined by the nervous centre, on the occurrence of an external impression,

—

external, that is, to the nervous system. All that is here stated is the general

principle ; and perhaps it is even now premature to attempt to refer all known
sympathies of the nature of vegetative acts to their proper seat, respectively, in

the nervous centre. At all events, there is no ground to claim for Whytt any-

thing more than the general principle now stated, since he makes no attempt to

determine the separate endowments of different parts of the encephalon and

spinal marrow. The improvement that may be expected on this point will be in

proportion as the knowledge increases of the several separate offices assigned to

different parts of the nervous system, whether as relates to the central organs or

the nervous fibrils. In the mean time, the doubts which exist as to the reality

of such orders of nerves as the excito-motory of Marshall Hall, and the vaso-

motor of Brown-Sequard, tend ver}^ much to retard progress. The sympathetic

nerve and its ganglia are still a problem ; nor should it be too securely assumed

that some sympathies belonging to the order of sympathetic acts may not be the

result of reflex acts of its ganglia. But this time only can determine. There

are innumerable morbid acts, the result of irritations of sensible surfaces, which

have never yet been sufficiently inquired into. The tendency, however, at present,

among physiologists, seems to be, to deny all source of actual movement to the

sympathetic, and to regard its influence as being rather over chemico-vital than

over motive acts. Still, whatever may be the final determination, the rule of

sympathetic acts, within Whytt's expression, will be, that the}'- are determined

by impressions acting through nervous centres.

One of the most remarkable morbid sympathies is the occurrence of cramps of



LIFE AND WRITINGS OF ROBERT WHYTT, M.D. 125

the voluntary muscles, owing to acrimony affecting the mucous membrane of the

stomach or bowels, from the simple transitory cramp of the calf of the leg, the

result of acid in the stomach, to the violent cramps over the body in the irrita-

tion of Asiatic cholera. The dilatation of the pupil from irritation of the bowels

may seem to take place through a ganglion of the sympathetic system, since the

radiated muscular fibres of the iris are believed to be supplied with nerves from

the sympathetic.

But with respect to sympathetic sensations, like the pain of the sole of the

foot from an ulcer in the bladder, pain in the cheek and side of the head from a

carious tooth, Whytt doubtless says correctly, that they do not depend on con-

nections of nerves with each other in their course ; nevertheless, there is some

reason to think that such sympathies may depend on the proximity of the con-

nections of the nervous fibrils concerned at the nervous centre. Thus Muller

has remarked, that there is what he calls a radiation of sensation, by which

nervous fibrils adjacent in their connection with the nervous centre to that by

which an impression is brought thither are similarly afiected, so that the sensa-

tion is spread not only to the peripheral extremity of the recipient of the impres-

sion, but also to the peripheral extremities of all the adjacent fibrils involved at

their origin, however distant their peripheral extremities may be from that of the

recipient. Thus, if the afferent fibrils from the upper surface of the liver termi-

nate in the nervous centre near the termination of afferent fibrils from the top of

the shoulder, a strong impression conveyed through the former will radiate its

effect to the adjacent origins of the latter, so as to cause the patient to refer that

impression not only to the liver, but also to the top of the shoulder. This

explanation gains probability both from the experiments made as to nervous

induction, and also from the rule laid down by Sir William Hamilton, that a

sentient nervous fibril does not supply a distinct knowledge of the seat of the

impression conveyed by it, unless when that impression is moderate ; while in

proportion as the impression is strong, the knowledge given of its seat is vague.

Whytt does not indeed suggest this explanation, but he makes a near

approach to it, when he says that " the impressions made by the stars by day

on the retina are sutibcated and lost in those stronger ones made by the illu-

minated atmosphere." Supplemented, then, by this idea of the radiation of strong

impressions, Whytt's doctrine of sympathetic sensations seems to include all

that is at present known on this subject. The late Professor Alison published in

the " Transactions of the Medico-Chirurgical Society of Edinburgh" an excellent

commentary on Whytt's doctrine of sympathy.

The work itself, the preliminary dissertation to which has just been com-

mented on, while it is in every respect worthy of Whytt's reputation, is hardly

of a nature to bear an analysis in a memoir like the present. His illustrations

of the symptoms of nervous diseases are given with a masterly hand. Thej/
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both afford new proofs of his doctrine of sympathy, and show with how much
knowledge, zeal, and ability he strove to throw light on the alarming symp-

toms brought under his consideration. The whole work bears undeniable evi-

dence that Whytt was in advance of the age in which he lived, and brings home

the conviction, that he stands among those whose labours most largely contri-

buted to the rapid strides of medicine in the latter half of the eighteenth century.

This work was translated into French in 1767, by Begue de Presle.

One important work remains to be noticed, which was not published till after

the author's death. The title of the work referred to is " Observations on the

Dropsy in the Brain." Whytt, in this work, claims for himself an originality

which has not been conceded to him undisputed. He enumerates the authors

who wrote before him on Hydrocephalus. He shows that Hippocrates, by the

term Hydrocephalus, signified water between the membranes and the brain ; that

later authors, such as Mercurialis, Wepfer, Boerhaave, have indeed referred

to cases of water being found after death within the ventricles of the brain, but

had failed to mention the symptoms by which the dropsy of the ventricles of the

brain is characterised. He adds, that Petit had stated that he never found in

his dissections water within the cranium anywhere but in the ventricles of the

brain, whence he infers the rarity of any other seat of water within the head.

He admits that Petit mentions some of the symptoms which occur in dropsy of

the ventricles, but insists that those he refers to are not the most characteristic

signs of the early state of the disease. Le Dran, he says, has described the

symptoms of Hydrocephalus internus in such a manner as would lead one to be-

lieve he had never seen the disease, unless when conjoined with water between

the membranes and the brain. Of Dr Donald Monro's account of Hydrocephalus

in his treatise on Dropsy, he remarks, that while he correctly enumerated all the

varieties, he has not stated symptoms by which the internal species could be dis-

tinguished from the other species, and from other diseases of the head. Fother-

GiLL and Watson published their accounts of this disease two years after Whytt's

death, but in the same year in which his treatise first appeared in the collected

edition of his works. It was considered by Whytt as a dropsy, nor was it till

fifteen years after his death that its inflammatory character was first hinted at

by Dr Withering. Whytt's merit lies chiefly in the correct exhibition of the

diagnostic symptoms of the early stages. Of these his account is admirable. It

was founded on the observation of twent}'^ cases, in ten of which the presence of

the disease was attested by a 'post-mortem inspection. It is hardly to be doubted,

then, that he is entitled to the merit of having first brought this disease within

the compass of treatment in its earlier stages.

Besides his two great treatises, and the several productions collected together

in the edition of his works published in 1768 by his son and Sir John Pringle,

there are several other detached papers, of which there is a complete list under
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the head Whytt, in Watt's " Bibliotheca Eritannica." From that list the follow-

ing excerpt is taken :

—

" On the Difference between Respiration and the Motion of the Heart, in

Sleeping and Waking Persons," Essays, Phys. and Lit., vol. i., 1754. " On the

Cure of a Fractured Tendo Achillis," ib. " On the Use of Bark in a Dysentery^.

and a Hoarseness after Measles," ib., vol. iii. " Observations on the Anomalous

and True Gout," ib. " Of an Epidemic Distemper at Edinburgh and Southern

Parts of Scotland in 1758," Med. Obs. and Inq., vol. ii. " On the Use of Sublimate

in the Cure of Phagedenic Ulcers," ib. " Account of an Earthquake felt at Glas-

gow and Dumbarton; also of a Shower of Dust falling on a Ship between

Shetland and Iceland," Phil. Trans. 1755. " On the Remarkable Effects of

Blisters in lessening the Quickness of the Pulse in Cough, attended with In-

farction of the Lungs and Fever," ib. 1758.

It appears that Whytt not only carried on a regular correspondence with Sir

John Pringle on medical subjects, but that he corresponded with physicians and

lovers of natural history in several parts of the world. Among others, he cor-

responded with Dr xIlexander Garden of Charleston, South Carolina, the same

whose name is perpetuated in the beautiful and highly fragrant genus Gardenia,

garland flowers. Garden writes to Whytt of a new plant which he and Miss

CoLDEN of New York had simultaneously discovered. It turned out to be a

Hypericum, or at least a plant since named Hypericum mrginianum. It is now
however named Elodea virginica^ and in the " Species Plantarum" of Linnseus by

WiLDENOw, the synonyme is given Gardenia Coldenia. Of this plant Whytt
gave an account in the " Edinburgh Essays, Physical and Literary." He pub-

lished also, in the same work, an account of the vermifuge virtues of the Indian

or Carolina pink, the Spigelia 7narilandica, which he derived from his correspon-

dence with Dr John Lining of Charleston. Dr John Hope afterwards published,

in the same work, a larger account of the same plant which he obtained, after

Whytt's death, from Dr Lining. Whytt published, in the same work, a de-

scription of a marine production, " The froth of the sea," after a specimen sent to

him by Dr Garden. He has given a figure of this body, which he regarded as

composed of the semi-developed spawn of a species of Buccinum. An account of

yellow fever at Charleston, referred to in the above-mentioned catalogue, he

derived also from Dr Lining.

In 1762 Whytt adopted the Pathology of Gaubius as his text-book, instead

of the Institutes of Boerhaave, which he had previously used.

In 1761 he was made first physician to the King in Scotland, an office

which is said to have been created for him. In 1763 he was elected President

of the Royal College of Physicians of Edinburgh, which oflflce he held at the

time of his death.

VOL. XXIII. PART I. 2 m



128 DR seller's memoir OF THE

In the beginning of the year 1765 Whytt's health began to decline. At first

he was affected with diuresis to a very considerable extent, particularly in the

night, while there was remarked an inequality of tiie pulse and occasional

depression of spirits. He was confined almost entirely to his house, driving out

only on fine days. As the diuresis lessened, a sense of inward oppression and

sinking became of frequent recurrence. Spasms of the bowels and flatulent

symptoms often arose, along with other marks of great irritability of the alimen-

tary canal. There was cough from the first, which varied nmch in severity

throughout his disease, while, in whatever state the cough was, there was always

an abundant, jelly-like spit. It appears that from an early period he had a

difficulty of lying on the right side, which, in the latter part of his illness, passed

into orthopnoea. His case did not at first seem so serious to his medical friends

as it turned out to be. Some slight appearances of gout had manifested them-

selves just before he became seriously ill. He himself regarded his complaints as

connected with gout. The same view was taken by his immediate medical at-

tendants, Dr Rutherford and Dr John Clerk. Porterfield provoked him by

pronouncing his complaints hypochondriac. Notwithstanding his sufferings, he

continued to take an interest in ordinary topics, and to speak sensibly on these.

The continual sense of sinking induced him to take more animal food and wine

than his medical advisers approved of In the summer of 1765 much purple

discoloration of his thighs and legs showed itself, as if he had become affected

with scurvy, yet there was no coincident affection of the gums. He was put on

vegetable diet, and the spots disappeared. Then a paralytic affection seized one

arm and one leg; which, however, subsequently became less. His sufferings

were great, but the disease did not gain much ground upon hira for some time.

He was wheeled about his house in a chair. For a short period before his disso-

lution, one bad symptom succeeded another in quick succession ; the sense of

sinking, however, disappeared. The cough was severe, and the pulse failed.

When within a day or two of his death, anasarca of the lower extremities began,

he said calmly to those about him, " The end is come at last ;" and two days after,

April i 5th 1766, he died.

The chest and abdomen were examined after his death. In the cavity of the

left pleura there were five pounds of fluid mixed with a substance of gelatinous

consistence and bluish colour. In the right cavity there were two pounds of

serum. On the left side there were adhesions. There was some fluid in the

pericardium. The lungs were free from disease ; the heart seemed atrophied.

There was a very little water in the abdomen. The viscera were generally free

from disease. There was a red spot, the size of a shilling, on the mucous mem-

brane of the stomach. There were concretions in the pancreas.

Whytt's funeral was public, in so far that the Principal and Professors of the
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University, attired in tiieir gowns and preceded by the mace, attended his

remains to the grave, while the whole body of the College of Physicians joined in

the procession. He was buried in the south burying-ground of the Greyfriars

Churchyard, where a tablet with a Latin inscription to him and his wife may
still be seen.

A few months before Whytt's death, Dr John Gregory had been elected to

the Chair of Practice of Medicine on the retirement of Rutherford, whose health

now rendered him unable for the duties of the office. It had been expected by

Dr CuLLEN's friends that this vacancy would have made room for him in that

appointment. There was, however, jealousy of Cullen somewhere, and that

arrangement did not take place. On Whytt's death it seemed certain that

Cullen would become his successor ; nevertheless, Cullen appears at first to have

been unwilling to apply for the vacant chair, but he finally consented to become

Professor of the Institutes of Medicine.

It has been supposed that Cullen entertained ajealousy ofWhytt. It has even

been pointed out that Cullen, in the preface to his " First Lines," in making re-

ference to the distinguished followers of Stahl, singles out Porterfield and Simp-

son of St Andrews, far lesser lights, to the total exclusion of Whytt. But his

omission of Whytt on this occasion only proves how truly he had weighed the

doctrines of his former colleague ; he refused to account him a disciple of Stahl,

knowing that what Whytt taught of the soul he himself believed. The following

passage from Cullen's " Physiology," as published by Dr John Thomson, while it

reflects the esteem in which Cullen held his predecessor in the Chair of the In-

stitutes of Medicine, shows the aspect of Whytt's doctrines, as exhibited in this

Memoir, to be in strict accordance with the light in which Cullen viewed them :

—

" My late colleague, DrWhytt, has, I think, with great strength ofargument, shown

that the phenomena even of the body itself cannot be explained but upon the sup-

position of a soul as a sentient principle. It is to this writer that I proposed to

refer you ; as he considers the argument with a view to the animal economy and

to physic, he is the proper authority to be consulted for the demonstration of the

immateriality of the soul in the economy, while in a living state. But I must

explain more particularly his opinion, and what has been the common one of

physicians also. Though they maintain the presence of a soul,—and I think it

necessary to the motions that occur in our material part,—yet they are far from

considering that there is anything left to it as a rational soul, but that the mutual

influence of the soul and body takes place by what may be called a physical

necessity : that there is nothing arbitrary in the power of the soul." " And Dr

Whytt, after having occasion to observe several instances of the influence of the

mind upon the body, says :
' Nor can we consider the mind as acting either igno-

rantly or perversely, when it sometimes excites such motions in the body as in-
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crease its own pain, and in the end prove more hurtful than beneficial ; for these

motions do not proceed, as the followers of Stahl have imagined, from any

rational views in the mind, or a consciousness that the welfare of the Ijody

demands them, but are an immediate consequence of the disagreeable perception

which excites it into action.'"* " He is more explicit still," Cullen continues

in his " Treatise upon Vital Motions," " where he considers the share the mind has

in producing motions :
' The mind, in carrying on the vital and other involuntary

motions, does not act as a rational but as a sentient principle, which, without

reasoning, is as certainly determined, by an ungrateful sensation or stimulus

affecting the organs, to exert its power in bringing about these motions, as is a

scale which, by mechanical laws, turns with the greatest weight.' "'f
" This,''

adds Cullen, " is establishing in the strongest manner a physical necessity in

this communication between the mind and body ; and I say, indeed, that this has

been the most common opinion among physicians." :}: Again, in his notes of a

clinical lecture for the month of December 1765, Dr Cullen, in alluding to the

progress which had been made in the investigation of the laws of the nervous

system, in the states of health and disease, and to the share which Whytt
had taken in it, observes :

" Helmont, Willis, Baglivi, Wepfer, Hoffmann,

Haller, and Gaubius, have all done something, but Dr Whytt more than all,

though he has not exhausted the subject, nor removed every diflBculty." § Dr

John Thomson, to whom the medical profession is indebted for the imblication of

this passage, expresses his own sentiments of Whytt in the following words :

—

•' Notwithstanding any errors in theory which he may have committed, the writ-

ings of this author display an extensive acquaintance with the phenomena of

health and disease, habits of accurate observation, and a talent for abstract rea-

soning and philosophical analysis, not surpassed by any of those who have been

employed in investigating the laws by which the economy of living systems is

governed."
||

There is nothing which more signally distinguishes Whytt's writings than

clear conception, lucid statement, and sound sense. He never wanders from the

point under consideration. He does not indeed refuse to exhibit what he wishes

to enforce in several lights, with the view of discovering in which of these it will

best gain the reader's assent, but he is never led away from his purpose by any

desire of shining, by any love of the fanciful, or by any hankering after paradox.

He proceeds straight to the object he has in his mind. His stjde is well suited

to his subject,—pure, unaffected, energetic, and, as one of his English contempo-

raries before quoted remarks, particularly free from Scottish peculiarities. He

* Works, p. 520. t Ibid. p. 152.
+ Thomson's " Cullen," vol. i. p. 19. § Thomson's " Life of Cullen, ' i. p. 258.

11
Ibid., i. p. 258.
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unquestionably bestowed great care on his writings, bringing up his narrative in

the later editions of his books with much exactness to the improved condition of

the subjects at the moment. Hence, considerable differences, always for the better,

exist between the first editions of his several writings and the state in which

these appear in the collected edition published after his death by his son and Sir

John Peingle.

In short, Whytt, though of an ardent temper, really was a man of well-

balanced feelings, earnest after truth, not unsolicitous of fame, while all the sen-

timents he expresses indicate a benevolent turn of mind, full of love to man-

kind, and a determination, at any cost to himself, to fulfil the duties of his

station.

VOL. XXIIT. PART I. 2 N



!



( 133 )

ILlll.—Experimental Inquiry into the Lams of the Conduction ofHeat in Bars, and
into the Conducting Power of Wrought Iron. By James D. Foebes, LL.D.,

D.C.L., F.R.S., V.P.R.S. Ed., Corresponding Member of the Institute of

France, Principal of the United College of St Salvator and St Leonard, St

Andrews.

(Read 28tli April 1862.)

1. The experiments to which I shall have to refer in this paper were all

made above ten years ago. A brief report of the general results, so far as they

were then obtained, was made to the British Association in 1852,* at whose

expense the instrumental apparatus had been provided. The causes of the delay

which has occurred in the publication of the numerical results will be presently

explained.

2. I had previously, in 1831 and 1832, made some experiments on the con-

ducting power for heat of the metals, with Fourier's Thermometer of Contact,

though merely with a view to determine the exact order of the metals in this

respect. The results were not altogether decisive, particularly with regard to the

position of Iron in the series ; and the paper which was read to the Royal Society

of Edinburgh on the 7th January 1833, and which now lies before me, was never

published in full. The conclusions are, however, sufficiently stated (without

numerical results) in the " Proceedings" of the Society.f The most important

conclusion was this:—" That the arrangement of conductors of heat does not

differ more from that of conductors of electricity than either arrangement does

alone under the hands of different observers." The identity of the two series is

now generally admitted, although, at the time I speak of, it had not, I believe,

been suspected.

3. In 1850 I commenced experimenting upon iron bars heated at one end, and

having thermometers inserted into holes at different points of their length. Expe-

riments in this form had been made by Lambert, Biot, Despretz, and probably

by others. But the peculiarity of the series now to be described consists in the

manner of reducing the observations, and in the nature of the results sought. In

the determinations of preceding authors, the law of communication of heat by

conduction within the bar, is assumed to be throughout proportional to the rate of

the variation of temperature (shown by the thermometers) at each point,
:J:
reckoned

* Report for 1852 (Belfast), p. 260. f ^ol. i. p. 5 (1833).

\ This is usually called the Newtonian Law, though it may be doubted how far Newton under-

stood it to apply to internal conduction. (See Phil. Trans. 1701, and Opuscula, torn. ii. p. 419.)
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along the axis of the bar, the temperatures having assumed a permanent con-

dition. In conformity with this assumption, it is farther taken for granted that

the excesses of temperature of the bar above that of the air may be correctly

represented by a logarithmic curve, whose asjmptote is parallel to the length of

the bar. In order that this may be allowable, it is also necessary to assume that

the exterior loss hy radiation is at every point proportional to the excess of temper-

ature, which (especially when the convective action of the atmosphere is taken

into account) is known to be wide of the truth. To assume the logarithmic form

of the temperature curve, and to compel it to represent the observations, by sub-

jecting the latter to the Procrustean ordeal of the method of '-' minimum squares,"

as was done by Biot, might lead, no doubt, to approximate numerical constants,

but could never serve to revise and rectify our knowledge of the laws of conduc-

tion.* Besides, the results of the statical form of the experiment cannot by

itself lead to any estimate of absolute conducting power.

4. The plan which I devised in 1850, if not earlier, is plainly specified in the

following extracts from letters addressed by me to Professor Kelland in that

year, which I shall here transcribe. I may add, that about the same time I

transmitted a similar statement to Mr Airy, with a request that it might be pre-

served among the scientific correspondence of the Royal Observatory. These

communications were referred to in a provisional report to the British Associa-

tion, dated 19th June 1851.f

5. The following is an exact transcript of the portions of the letter first

referred to above.

To Professor Kelland.

Phoesdo, hy Laurencekirk, 2Gth Sept. 1850.

" I. I propose to find experimentally the effect of external cooling, from

all causes whatsoever, on the interior temperature of a uniform bar, heated

* The fallacy of tlie method of minimum squares, as it is often applied to physical inquiries, is

well exemplified in this experiment, and may be seen almost at a glance by inspectino- Biot's com-
parative tables of calculated and observed temperatures, given in his Tralte de Fhysique, vol. iv..

p. 666. The " probable error" of an observation of temperature at each and every point of the bar is

considered as the same ; whereas, when the excesses of temperature are only a few degrees, every ex-

perimenter knows that they may be determined with the nicest accuracy, whilst, when the excesses

rise to hundreds of degrees, the uncertainty is incomparably greater. It is quite evident, that Biot's
observations differ systematically from the logarithmic law. In referring in 1856 to these observa-

tions [Encyclopaedia Britannica, Sixth Dissertation, Art. (671)], I observed, that "instead of draw-

ing from them, as he does, an argument for the accuracy of the Newtonian law of cooling, the dimi-

nution of temperature along the bar is far more rapid at first, and less afterwards, than that law
indicates. In fact, the apparent agreement of the formula is owing to the use, in a case to which it

does not correctly apply, of that often misapplied rule of tlie doctrine of chances—the method of

least squares." See also Mr Airy's Theory of Errors of Observations (1861).

I Report for 1851 (Ipswich). Sections, p. 7.
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Fig. 1.

at one end, in the following way. Take either the very bar to be used, or a

shorter one exactly similar; insert in it a thermometer,

in all respects as the thermometers are ultimately to be

used for finding the final temperatures. Heat the entire

(dv\
-T ) ,

corresponding to given temperatures of the thermometer.

There will be evidently no difficulty in doing this with extreme accuracy. I

need net insist on the details. We thus obtain for the

given bar the proportional expenditure of heat by the

surface, depending on the temperature of the axis of the

bar, and on nothing else. (By temperature, of course I

mean excess of temperature above air.) Let such a

table be formed, or a curve constructed.

6. " II. Let now the bar experiment [for conduction] be made in the usual

way, only with greater precautions than perhaps have hitherto been taken (in-

quiring into the effect of the number and size of

the holes, and correcting the thermometers for the

unimmersed parts of the scale). Register the final

temperatures at different distances from the source

of heat, the bar being very long. The curve ab,

we know, is nearly a logarithmic. Project it graphi-

cally, and by drawing tangents, ascertain the rate

V
dv

dt

100
90
&c.

5J

5»

he.

a

\

P-^-^. 6

u 15

Fig. 2.

of decrement of temperature for a small increment of leno-th or - — for anv

number of points of the bar,—or else, calculate this,

taking thermometric indications by threes [twos],

and assuming a modulus for each point. Hence we dv dv
a? V

dec di

1 J5 5» 55

2 5» 55 55

3 5J 55 55

II.

form a second table, of od, v corresponding,-^^, and

from Table I., or from a graphical curve of the

observations on which it was founded, we add the

column of the momentary loss of heat due to all

external causes, or £, corresponding to v observed.

7. "in. We may now construct with abscissae .2?, and ordinates ^'', the experi-

mental curve a/3, whose area will express the total escape of heat from the bar, or
from any part of it. Thus the area xos' ^^ will represent the escaped heat from the
portion of the bar xx'. I should have no doubt of being able to approximate to this
area, with fully the accuracy which the inevitable errors ofapparatus and observa-
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tions admit of in other respects ; and I am particularly anxious to throw aside

every pretence of over-refinement. Now, this area is proportional to the difference

of the flow of heat across the section of the bar at x and that at x'. We have, there-

fore, by taking any number of areas, the differences

of such fluxes, or by approximating to the whole

areas ^x^ (which, I think, might quite well be

done), we have numbers proportional to the fluxes

themselves at x, x', x, kc. If these numbers are

proportional to -^ in Table II., the Newtonian law is ^ ^~^ J

correct ; if otherwise, the deviation will appear, and also the law, or at least num-
bers giving an empirical law. As I fancy this method to be new and important,

pray preserve this letter, and let me know at the same time whether you see

any flaw in the argument. You will probably not like the mechanical quadra-

tures ; but what else are our experiments but mechanical quadratures in many
cases ? And this is an experiment on paper capable, I apprehend, of being better

measured than an experiment to measure heat with a thermometer.

8. " IV. It would be a most interesting verification to repeat the whole, with

the same bar having a mm surface given to it, which would radiate twelve or

fifteen times faster, which I believe might be done."

9. My correspondent having expressed some doubt as to the accuracy with

which the quadratures could be performed, I thus wrote from Phoesdo, on the

11th October 1850: " The mechanical integration I spoke of could be got rid

of thus :—Treating a small part of the curve ah (in my former letter) as a

logarithmic, calculate from it ^-y for each point ; these numbers should be pro-

portional to the corresponding ordinates of the curve a/5. Nevertheless, I suspect

that in practice the method formerly proposed would be more exact." It will be

seen presently, that the quadrature of the areas proved to be practicable and

accurate, and that it was the method adopted.

10. In a letter, a few weeks later, the conclusions are carried further.

"Jo Professor Kelland.

" Edinburgh, 11th Novemler 1850.

" In my letter of the 26th September, I explained a form of experiment, by

which I proposed to test the fundamental assumption of the Mathematical Theory

of Heat. I shall now show that the same experiment performed on bars of

different metals, will give at once and directly, the constant of conducting power

for each metal, which, so far as I know, has never been done by experiments on

bars only, such experiments having given hitherto merely relative results. Fourier
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has shown (p. 406) [of the Theorie de la Chaleur] that when the thickness of bars

is small, though the temperature of equilibrium varies from the axis to the

surface, the temperature at any point is very approximately in a constant ratio to

the temperature of the central point of the section to which it belongs ; so

that the bar may be regarded as a bundle of parallel rods, in each of which

the temperature varies with the lengtli according to the same law. Now, the

experimental curve a/3 of my last letter represents the momentary loss of heat at

every point of the axis of the bar in thermometric degrees ; the area of the curved

space X a unit of transverse section near the axis, represents the number of

cubical units of volume of tlie material, raised 1° by the heat flowing through

[across] unit of section, near the axis of the bar at the point x. The specific heat

of the metal being known, we can convert this amount of heat or flux across x

into absolute measure ; for the Flux is = - K j-, and ^ is known by Table I. of

my former letter. Thus every experiment becomes an independent means of find-

ino" K, and that without reference to the state of the surface, which has always

been a difficulty in comparing different metals with unlike radiating surfaces."

11. The preceding extracts sufficiently set forth the principles on which the

experiments were conducted, and I have preferred using the exact words in

which I first sketched them, because it serves to fix the date, and also because

they were in every point carried out in practice.

12. The experiments referred to in the present paper were all made between

the 6th November 1850 and the I7th April 1851. They refer to the conductivity

of Wrought-Iron alone. I do not here intend to describe the experiments in

detail, nor to enter into the particulars of the reductions (which would require the

engraving of some elaborate curves) ; nor do I offer the final results as thoroughly

satisfactory to myself, though I hope, at a future time, to be able to lay before

the Society these details, and to carry out the reductions in a way which will

leave little to desire in the way of numerical precision.

13. The causes of the delay in publishing the results were these :—The

thermometers, on whose exactness and comparability (especially at high tempera-

tures), the accuracy of the experiments materially depended,were furnished to

me by a Paris maker, who, at that time, enjoyed the highest reputation for trust-

worthiness and precision. I soon found, however, that some of the instruments

were unfit for my purpose, that one or two were disgracefully bad, and that others

were not entirely reliable at all points of their scales. The worst thermometers

were rejected, and the remainder were used with every possible precaution, and

were farther checked by other instruments in my possession. A severe illness in

November 1851, before I had resumed my experiments for the winter, brought

the series to an abrupt conclusion. Fortunately the data for wrought-iron were
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quite complete. The effects of my illness continuing, I contented myself during

the succeeding summer (1852) with deducing the best results I then could from

the data which I had obtained, trusting to make a more thorough examination of

them when the Errors of the Thermometers should be accurately known. The

various curves of temperature, velocity of cooling, &;c., were most carefully pro-

jected on a large scale, and the different stages of reduction carried out precisely

as I had projected in my first letter, printed above. The smoothness and regu-

larity of the primary curves (statical and dynamical), of Arts. 5 and G, left

little to desire. The values of the subtangents and various derivative quantities

were equalized by the aid of graphical interpolation in the manner so ably used

and recommended by Sir John Herschel, in several of his researches. As every

step of the reductions was subjected to the test of graphical representation, it is

not likely that any material error occurred in the calculation.

14. In October or November 1852 (at Clifton, where I then resided), I brought

these provisional calculations to a close, with the results which I shall presently

state. I did not abandon the idea of a more rigorous reduction of the observa-

tions, and I was fortunate enough to induce the late Mr Welsh, of the Kew Ob-

servatory, to undertake the examination of the scales of the principal thermometers

used, and especially of that one employed for the highest temperatures, in which

a portion of the column being detached, for the purpose of extending the range,

the verification was a matter of some delicacy. Mr Welsh's tables of corrections

are now in my hands. The application of them will involve some labour, and

perhaps the entire reconstruction of the interpolating curves, and a repetition of

the calculations depending on them. I confess myself to blame in allowing so

many years to elapse without bringing these computations to a satisfactory con-

clusion, as well as for not extending the observations to other substances, as

originally proposed. The state of my health has not been favourable for such

tasks, which are necessarily of an irksome and tedious kind. I hope still to

execute, at least the desirable revision of the temperatures and reductions. But

upon looking again (after some years' interval) at the previous calculations and

their results, I feel warranted in publishing both the methods and the conclusions,

as worthy of considerable confidence, and as still I believe new. Indeed, I incline

to think that I have been perhaps too fastidious in withholding the results ob-

tained, until they should have received the utmost precision which I can give them.

15. As I entertain the idea of publishing a supplement to this paper, with cor-

rected details, I shall not now dwell upon the intermediate steps of the inves-

tigation. I shall, however, insert (chiefly from my full journal-notes of 1851)

such a description of the apparatus and modes of observation, as may, I hope,

materially assist any one in pursuing the experiments for other metals from the

point where my labours unfortunately terminated ; as it is not very probable

that, under present circumstances, they will be resumed by me.
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General Account of the Experiments. The Statical Experiment, on the Permanent

Temperatures of a long Bar.

16. It has already been stated that these experiments were made in the

winter and spring of 1850-51. The material was wrought iron.

17. Some experiments were made on an iron bar one inch square and seven feet

long, marked B. But those of which the results will be here given (and which I

considered as more trustworthy), were made with a beautiful bar, 1:^ inch square

and fully eight feet long, manufactured on purpose for me, and without charge,

through the kindness of Mr Robert Napier of Glasgow. This bar was marked D.

18. It was used in two conditions as to surface,

—

\st. With a bright semi-

polished surface, such as that of well-kept steam-engine rods or pistons;

2d, After being covered with thin white paper, applied with the least possible

quantity of paste. The paper used was what is known in the stationery trade

as "tea-paper," and was found to answer the purpose perfectly well. It was

employed with the view of testing the conduction of one and the same sub-

stance when the radiation of the surface varied in a great proportion (as 1 : 8,

according to Leslie), and also in order to render the surfaces of different bars

alike, for which paper is no doubt better fitted than the black varnishes which

have been sometimes used for this purpose.*

19. The bar D was heated at one end by means of a cast-iron cup or crucible,

finely adjusted to it by filing, and containing melted lead or solder. This was

kept in a fluid state, and at as uniform a temperature as possible, by means of a

powerful gas furnace. The whole was placed on a table, in a spacious apartment,

without a fire, chiefly lighted from the north, and of which the temperature was

nearly constant. The bar, with its attached crucible, was supported, at a height

of 15 inches above the table, by means of three seasoned mahogany props thinned

to an edge above, so as to make the contact with the metal as small as possible.

The heated end was maintained at about the temperature of melting lead : by

raising the gas flame on the one hand, or by immersing a piece of solid lead in

the fluid on the other, the temperature could be regulated with wonderful exact-

ness by my able assistant, Mr James Lindsay, who acquired great dexterity in

the management of the heat, a tedious process, as the experiments lasted six,

eight, and even ten hours. f The bar was sufficiently long to prevent the farther

end from being sensibly raised in temperature.

* This precaution was a source of considerable trouble to Mr Despretz. See Ann. de Chiraie,

torn, xix.

j- The first thermometer of the series along the bar has to be incessantly watched for this pur-

pose, or, better still, a thermometer with the bulb dipped into the lead in the crucible, kept as near

the melting point as possible. So dextrous did my assistant at last become, that for hours this

last thermometer was prevented from wavering, even at that high temperature, above a very few

degrees of Fahrenheit.
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20. Thermometers were inserted in cylindrical holes, driUed in the upper side

of the bar. The holes were 0*28 inch diameter. Contact with the thermometer

was secured by mercury poured into the colder holes, and an amalgam or fusible

metal in a semifluid condition in the hotter ones* There were usually about

ten thermometers inserted in the bar, at distances varying from three inches to

eight feet from the zero point at the crucible. Those nearest to the source of

heat were defended from its action by two or three interposed polished metal

plates, which were found to act efficiently.

21. When after several hours of exposure to steady heat, the bar attained

a normal temperature at its various points, the instant was to be seized, when
the casual fluctuations became inappreciable, not only on the thermometers

nearest to the source, but also in those at a distance. For though the source of

heat may, for a time, appear quite steady, the wave of temperature arising from

some antecedent irregularity may still be travelling along some remoter portion

of the bar. Experience, and the patient entry of a number of successive observa-

tions of all the thermometers, can alone secure the desired precision. These

experiments must never be made in a hurry.

22. A modification of this mode of observing which occurred to me in the

course of these experiments, possesses important advantages, and may be used as

a check. I call it the method by stepping. One and the same thermometer was

transferred to the successive holes in the bar, beginning with the hottest and

going on to the coldest, and the temperatures were read in each case. In this mode

of operating, each hole was in the first instance provided with its mercury or

amalgam, and with its proper thermometer as before ; and the thermometer was

only withdrawn, and the stepjnng thermometer introduced, when the temperature

indicated by the latter (after being held in the hand to cool) reached as nearly

as possible the degree known to belong to the hole in which it was to be immersed.

It of course took the exact temperature almost instantly, without either heating

or cooling the mercury in the hole ; and so on to the end. It is an important

recommendation of this method, that a single reliable thermometer may be made

to perform the whole work, the others being merely used as rough indicators.

Nor is there any danger of error arising from slight changes in the temperature

of the Source of heat subsequent to the commencement of the readings; for expe-

rience shows, that the wave of disturbance of temperature advances much slower

along the bar than the stepping process can be perfectly well gone through. On
the whole, this is an immense facility for the extension of such experiments ; as

* It was found tliat when mercury was used for these last, the surface became hotter by con-

vection than the central part of the hole, contrary to the law of the distribution of heat in a solid

bar, and consequently an undue (though perhaps hardly sensible) amount of heat was thereby dissi-

pated. I may add, that I ascertained by actual experiment, that the boring of several additional

holes between the extreme holes of a bar did not sensibly disturb the conduction of heat when the

intermediate holes had thermometers surrounded by mercury inserted in them.
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the possession of ten or more reliable thermometers is of itself a condition of suc-

cess difficultly attiiinable.

23. In all cases the free tem'perature, or that to be deducted from the readings

of the thermometers, in order to get the true excess of statical temperature along

the bar, was obtained by inserting a well-compared thermometer into a hole con-

taining mercury drilled in a similar but short bar of iron, supported in the free

air of the room in the neighbourhood of the long bar and similarly exposed, but

without artificial heat.

Dynamical or Cooling Experiments.

24. These experiments (see Art. 5) are requisite to determine the rate of

the superficial dissipation of heat at any point of a bar of given material

and section, by the joint influence of radiation and convection. The object

is to obtain the "Velocity of Cooling" in terms of the Temperature shown

by a thermometer sunk in the bar. For this purpose a short bar of iron

marked C was prepared, li inch square and in other respects similar to the

bar D used for the Statical process, except that it was only 20 inches in length

A hole was bored in the centre of one side, into which a thermometer might

be introduced with amalgam round it, as in the previous experiments. First

of all, a high uniform temperature was communicated to this short bar, in the

following way : A cylindrical iron vessel containing fusible metal (four parts of

lead, three of tin, and three of bismuth were commonly used) was suspended

vertically over a powerful gas-burner, the heat being confined so as to act on

the cylinder, by means of an exterior cylindrical chimney, also of iron. The

diameter and length of the cylindrical vessel was such as to admit easily the

entire bar C, which had a ring at each end, so as to allow it to be more

easily introduced and withdrawn by means of a hook. The metal-bath being

duly heated and prepared, the experimental bar was first wrapped in several

folds of paper, so as to prevent the sudden chill of the fluid metal on its immer-

sion. The bar was then introduced and withdrawn a few times, each end being

alternately lowest, so as to equalise the temperature of the bar as much as

possible. When hot enough (w^hich is ascertained by a thermometer in the metal

bath), it was withdrawn, shaken, and the paper envelope rapidly cut ofi". The

naked bar was then wiped and laid horizontally on two blunt-edged props, so as

to stand (as in the case of the other bar) 15 inches above the table. Mercury pre-

viously warmed was introduced into the hole or holes (I had usually two or three

near the centre of the bar), and thermometers inserted. The temperatures were

read off from minute to minute (the time being given by an assistant), and the

rate of cooling thus determined. The readings, both in these and all the other

experiments, were made by myself, with exceptions too trifling to require notice,

and the rate of cooling was deduced graphically or by calculation.
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25. The Statical and Dynamical forms of experiment on the relations of a

given bar to heat {both of which are required for the solution of our problem),

each present their peculiar difficulties. But there is one difficulty in connection

with the latter, which I think it right to mention, because I did not succeed in

wholly removing it when temperatures approaching 200" Cent. (392^ Fahr.) are

to be employed. The object of the Dynamical experiment (as already explained),

is to find the rate at which any point of the bar in the Statical experiment

is, in point of fact, parting with its heat by the surface, ascertained in terms of

the temperature shown by the thermometer sunk into it at that point. But

when a bar has been uniformly heated in all its parts by immersion in the metal-

bath, the distribution of heat over any transverse section is not at first the same

as when the bar in the statical experiment has attained a permanent temperature

;

nor the same as when the bar under experiment has cooled to a certain extent.

In fact, Fourier's analysis shows, that in the early stages of cooling of a body at

first heated uniformly, the temperature includes in its expression certain circular

functions, which, by and by (and in good conductors very rapidl}^), become in-

sensible. Such oscillations affecting the rate of cooling (or - ->|- j are perceptible

in the experiments which I have made, and influence the determination of this

important quantity in the highest part of the scale. The general tendency of the

effect is manifestly to make the rate of cooling of the thermometer, sunk to the

axis of the bar, at first too small. For the bar being uniforml}' heated from centre to

surface when it is withdrawn from the metal-bath, it is only as the superficial parts

cool that the central parts begin to lose heat, which they supply to the surface.

Next, the rate of superficial cooling will be relatively somewhat accelerated, and

a fresh demand upon the interior will occur. These gushes of heat will gradually

disappear, and, as I have said, are in good conductors only at first perceptible.*

26. The initial irregularities at temperatures approaching 200° Cent, are the

greatest difficulties which met me in this inquiry, and I fear that they have been

but partially overcome. We are precluded from obviating them by the natural

expedient of heating the bar initially to a much higher temperature, and allow-

ing it to cool spontaneously down to that at wdiich the observations commence.

For even polished iron changes the condition of its radiating surface at tempera-

tures which considerably exceed 200° Cent., so that this plan is inadmissible. In

fact, the heat was pushed in these experiments quite to the limit.f I have fully

stated this difficulty, in order that future experimenters may be prepared to con-

tend with it. Electroplating might possibly succeed, though I fear not.

* This interpretation of the physical origin of the periodic functions in the cooling of bodies was
given in the Encyclopcedia Britannica, Sixth Dissertation, Art. (674). When the circular functions

have exhausted themselves, the exponential portion of the expression for the temperature alone

remains. See Fourier, Theorie Analytique de la Chaleur.

f When coated with paper, the paper begins to singe at a temperature slightly above that of

melting tin, or 442° Fahr,
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The Reductions.

27. The fundamental observations are those on the permanent temperatures of

a long iron bar heated at one end, and measured by thermometers placed at fixed

intervals along the bar (Art. 16, &c.). These were projected in a curve (which

approximates to, and has usually been treated as a logarithmic curve), of which

the length of the bar is the axis, and the temperatures (or rather excesses of tem-

perature above the surrounding space) the ordinates. This curve of statical tem-

perature was verified in all its parts as follows :—The first projection was made

from one of the completest and most satisfactory of the sets of observations, in-

cluding the temperature of ten or eleven points along the bar. Other sets of

observations were recorded, in which the fundamental temperatures differed more

or less from these, the source of heat being either more or less intense. But each

group of observations, while it may be treated separately, may also be regarded

as belonging to distinct parts of one common curve (so long as the bar and its

surface are unchanged). We are thus enabled to interpolate temperatures not

corresponding to observed points in the primary experimental curve, and to verify

them indefinitely. This process of interpolating independent groups of observa-

tions is peculiarly suited to the graphical method of reduction, and has been

pursued with entire success.

28. Tangents were drawn and subtangents measured, and also calculated

from ordinates, for different points of the statical curve. The table of — (where

V is the excess of temperature of any point of the bar at a distance x from the

origin at the heated end) is thus formed (see Art. 6). The values being again

projected in terms of v, are graphically equalised.

29. Next, the dynamical experiment of the cooling of the short bar (Art. 24)

is treated by projection; the temperatures being laid out in a curve in terms of

(dv\
j\, in terms of

V, is calculated, and also projected and equalised.

30. These last numbers are erected as ordinates upon the original line repre-

senting the axis of the long bar in the statical experiment, as in fig. 3, Art. 7. The

perpendiculars are the values of yr, in terms of the ascertained measure of v at

each point along the bar. The area of this last curve between the ordinate cor-

responding to X and infinity, represents the total loss of heat from the surface of

the bar on the cooler side of x, and consequently the whole flux of heat across the

section at x, since that flux is the quantity of heat necessary to compensate the whole

loss of heat from the surface of the har beyond x, the bar being, by hypothesis, in

a permanent condition. The determination of this area by the quadrature of the

successive parts is not difficult, as this curve also approximates to a logarithmic,

whence the area between successive ordinates, and also that adjoining the

asymptote, can be calculated with sufficient exactness.
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31. By comparing the flux of heat thus found, across any section of the bar, with

the value of — for that section, we can test the accuracy of the law of conduc-
dx

tion as usually assumed. We can also ascertain, with reference to the units of

measure employed, the exact conductivity of the bar, whether constant or varying

with temperature.

32. The processes above mentioned having been gone through with great care,

partly in 1851, but principally in the summer of 1852, I arrived at the following

conclusions, which I transcribe literally from my note-book of the last named year.

It is to be observed, that two entirely independent series of observations are here

compared—those made with the naked iron bar marked D, or that which had

its surface moderately polished (Art. 18), and those with the same bar when

covered with " tea paper," in which case the forms of the curves are altogether

altered, owing to the increased radiation of the surface.

Memorandum of 1 852.*

" Results of preceding investigations.

33. " A. For naked 1^ inch iron bar.

Actual Temperature.
Centigrade.

Excess above
Air.

dv

dx
from Diag. XIII.

Total Flux (F) of Heat,

corresponding to —

,

by Diag. XVII.

j

(1)
• 'TiT^'

o

25
50
75
100
125
150

175
200

o

12

37
62

87
112

137
162
187

11

40

71

104
142

187
244
310

•15

•52

•93

1-31

1-71

2-08

2-43

2-72

•0136

•0130

•0131

•0126

•0122

•0112

•0100

•00875

34. "B. For covered 1:^ inch iron bar.

Temperature. Excess.
dv

di.

Diag. XIV.

Flux. Diag. XVIir.
(1)

o

25
o

12
o

15 •22 •0147

50 37 52 •72 •0138

75 62 92 1^13 •0123

100 87 138 1'56 0113
125 112 187 2^00 •0107

150 137 235 2-45 •0107

175 162 295 3-00 •0102

* Tlie diagrams referred to in this memorandum are all drawn out, but are not engraved pend-

ing the revision of the scales of the thermometers.

•] K expresses the absolute conducting power in terms of the thermal capacity of water.
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35. *' Final Result.—The projections of both the observed series of numbers

representing the conductivity in terms of the temperature projected in Diagram

F
XIX., give a value of ^ pretty regularly decreasing from -0150 at 0° C. to -0092

dx

at 200°.'

36. In order to reduce the unit in the last column of these tables to the absolute

unit K, which expresses the amount of heat necessary to raise one cubic foot of

water by 1° Cent., we must multiply the numbers in the final columns by the

specific heat of iron, and also by its specific gravity. These numbers are respec-

tively 0-114 (Regnault) and 7"79. Their product is 0888. Assuming the uni-

form decrease of the conductivities with increasing temperature, and making use

of loth the series,—as indicated at the close of the preceding paragraph,—and

adapting them to the water unit, we obtain the following approximate numbers.

The numbers in the second column refer to the following units—the English

foot, the minute, and the centigrade degree.* The third column has the ceiiti-

TMtre substituted for the foot.f

Temperature, Centigrade.

Conducting Power of Wrought Iron.

Units : tlie Foot, Minute, and Units : the Centimetre,

Centigrade Degree. Minute, and Cent. Degree.*

0° •0133 12^36
25° •0127 11^80
50° •0120 1115
75° •0114 10-59

100° •0107 9-94
125° •0101 9-38
150° •0094 8-73
175° •0088 818
200° •0082 7-62

37. It will be recollected that these numbers are offered as approximate only.

* Or (more fully) it expresses in centigrade degrees the temperature communicated to a cubic

foot of water in one minute, across a plate of iron one foot thick, whose surfaces are maintained
at a constant difference of temperature of one degree centigrade.

f This is perhaps the most convenient unit of conductivity for general use. The original ther-

mal unit of Fourier (who first gave a correct definition of this quantity) was referred to the minute
and the metre as the units of time and length, to the interval from the freezing to the boiling point

of water as the unit of temperature and the unit of heat was the quantity required to melt one kilo-

gramme of ice (Theorie, Arts. 68, 69). It is plain from Art. 59, and others of the same work, that

Fourier had no idea that the conductivity varied with the actual temperature—an admission which
must be held to leave the Newtonian law true inform only, since the flux is proportional in any one

substance not to -^ only, but is also a direct function of v.
dt
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When the revision of the scales of the thermometers has been applied to the

results (which will necessitate the re-construction of the diagrams), I intend to

publish the final results for iron in a sequel to this paper.

38. The following consideration, however, as it encouraged me to go through

the labour of the provisional calculation, makes me believe that the results will

not be materially altered. Indeed, it is one of the advantages of the method here

employed, to render us in some degree independent of the precision of the ther-

mometers. Since the same thermometers were carefully used in both the stati-

cal and dynamical experiments, the outstanding errors of temperature, as read

oj0f, will affect both results, if not exactly to the same amount, at all events in

the same direction. The final columns of the tables of page 144, containing the

conducting powers, depend on the ratio of two quantities—the flux of heat (F)

at any point, depending partly on the dynamical, partly on the statical experi-

ment, and the differential co-eflBcient ^, depending wholly on the statical ex-

periment. The thermometric error will make both these quantities too great, or

else both too small, and the ratio will be but slightly affected.

St Andrews, 21si April 1862.

Postscript.

The diminishing conducting power of iron with increased temperature har-

monises with similar facts in electricity, thus adding a fresh analogy to those

adverted, to in Art. 2 of the preceding paper. According to the recent experi-

ments of Arndtsen {Poggendorff's Annale% May 18.58), the resistance to the

transmission of electricity through iron is increased nearly one-half by a rise of

temperature of 100° Cent.

28i/i A'pril 1862.

i
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XIV.

—

On the Density of Steam. By W. J. Macquorn Rankine, C.E., LL.D.,

F.R.SS. Lond. and Edin., &c.

(Read 28th April 1862.)

1. The object of the present paper is to draw a comparison between the

results of the meclianical theory of heat, and those of the recent experiments of

Messrs Fairbairn and Tate on the density of steam, published in the " Philoso-

phical Transactions" for 1860.

General Equation of Thermodynamics.

2. The equation which expresses the general law of the relations between

heat and mechanical energy in elastic substances was arrived at independently

and contemporaneously by Professor Clausius and myself, having been published

by him in Poggendorff's " Annalen" for February 1850, and communicated by

me to the Royal Society of Edinburgh, in a paper which was received in Decem-

ber 1849, and read on the 4th of February 1850. The processes followed in the

two investigations were very different in detail, though identical in principle and

in results; Professor Clausius having deduced the law in question from the

equivalence of heat and mechanical energy as proved experimentally by Mayer
and Joule, combined with a principle which had been prev^iously applied to the

theory of substantial caloric by Sady Carnot, while by me the same law was

deduced from the " hypothesis of molecular vortices," otherwise called the " cen-

trifugal theory of elasticity."

3. Although, since the appearance of the paper to which I have referred, the

notation of the general equation of thermodynamics has been improved and

simplified in my own researches, as well as in those of others, I shall here pre-

sent it, in the first place, precisely in the form in which I first communicated it

to this Society, in order to show the connection between that equation in its

original form, and the law of the density of steam, which has since been verified

by the experiments of Messrs Fairbairn and Tate. The equation, then, as it

originally appeared in the twentieth volume of the " Transactions of the Royal

Society of Edinburgh," p. 161, is as follows:

—

uV^KY-dv) -^^rf?j' • • • •
a-)^ CnM

in which the symbols have the following meanings :

—

T, the absolute temperature of an elastic substance as measured from the

zero of gaseous tension, a point which was then estimated to be at

VOL. XXIII. PART I. 2 S
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274°'6 Cent, below that of melting ice, but which is now considered to

be more nearly at 274° Cent., or 493°-2 Fahr. below that temperature.

K, A constant, expressing the height on the thermometric scale of the tem-

perature of total privation of heat above the zero of gaseous tension.

This constant was then only known to be very small ; according to later

experiments, it is either null or insensible.

wM, The ideal or theoretical weight, in the perfectly gaseous state, of an unit

of volume of the substance, under unity of pressure, at the temperature

of melting ice.

C, The absolute temperature of melting ice, measured from zero of gaseous

tension (that is to say, according to the best existing data, C = 274' Cent,

or 493°-2 Fahr.)

V, The actual volume of unity of weight of the substance.

^V, An indefinitely small increment of that volume.

Bt, An indefinitely small increment of temperature.

U, A certain function of the molecular forces acting in the substance.

+ 3Q', The quantity of heat which apj^ears, or -^Q', the quantity of heat

which disappears during the changes denoted by ^V and ^t, through the

actions of molecular forces, independently of heat employed in producing

changes of temperature ; such quantity of heat being expressed in equiva-

lent units of mechanical energy.

The equation having been given in the above form, it is next shown (in the

same volume, p. 1G3), that the differential co-eflQcients of the function U have

the following values :

—

'5?4-°'<^ w

'tfi'^-f^
w

4. The physical law of which the general equation just cited is the symbolical

expression, may be thus stated in words:

—

The mutual transformation of heat

and mechanical energy during any indefinitely small change in the density and tem-

perature of an elastic substance, is equal to the temperature, reckoned from the zero

of absolute cold, multiplied by the complete differential of a certain function of the

pressure, density, and temperature; which function is either nearly or exactly equal

to the rate of variation with temperature of the work performed by indefinite expan-

sion at a constant temperature.

5. It may be remarked, that the quantity,

—

9= Ji hyp. log. ^ +Q^ (byp. log. V-U) = ft hyp. log. r
+J-^^

dY . . (4.)

(ft being the real specific heat of the substance in units of mechanical

energy), is what, in later investigations, I have called the " thermody-
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namic function f and that by its use, and by making k=0, equation 1 is

reduced to the simplified form,

-5Q'= r5?)-|i5r; (5.)

but the following notation is more convenient : Let ^h denote the whole

heat absorbed by the substance^ not in units of mechanical energy, but in

ordinary thermal units, and J the value of an ordinary thermal unit in

units of mechanical energy, commonly called " Joule's Equivalent," so

that

then the general equation of thermodynamics takes the form

Jdh=Td<p (6.)

6. For the purposes of the present paper, the most convenient form of the

thermodynamic function is that given in the second line of Equation 4 ; but it

may nevertheless be stated, that in a paper read to this Society in 1855, and

which now lies unpublished in their archives, it was shown that another form of

that function, viz.

p=:(fe + ^«)hyp.logr-/^P, .... (7.)

P V 1
was useful in solving certain questions ; ° ° denoting the same thing with ^-^

in Equation 1.

Application of the General Equation of Thermodynamics to the Latent Heat and Density

of Steam.

7. At the time when the general equation (1.) was first published, suflQcient

experimental data did not exist to warrant its application to the computation of

the density of a vapour from its latent heat. But very soon afterwards, various

points, which had previously been doubtful, were settled by the experiments of

Mr Joule and Professor William Thomson ; and in particular Mr Joule, by his

experiments published in the " Philosophical Transactions" for 1850, finally de-

termined the exact value of the mechanical equivalent of a British unit of Heat,

to which he had been gradually approximating since 1843—viz.,

J= 772 foot-pounds

;

and Messrs Joule and Thomson in 1851, 1852, and 1853, made experiments on the

free expansion of gases, especially dry air, and carbonic acid, which established

the very near, if not exact, coincidence of the true scale of absolute temperature

with that of the perfect gas-thermometer ; that is to say, those experiments

proved that k in the equation (1.) is sensibly =0. When, with a knowledge of these

facts, equation (1.) is applied to the phenomenon of the evaporation of a liquid
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under a constant pressure, and at a constant temperature, it takes the following

form :

—

J^= -^(V-t') (8.)

where

J denotes Joule's equivalent, or 772 foot-pounds per British unit of heat

(a degree of Fahrenheit in a pound of liquid water)

;

h. The heat which disappears during the evaporation of 1 lb. of the liquid
;

that is, its latent heat of evaporation in British units :

—

r, The absolute temperature (= temperature on Fahrenheit's scale + 46l°2

Fahr.).

P, The pressure under which the evaporation takes place.

V, The volume of 1 lb. of the vapour.

V, The volume of 1 lb. of the liquid.

As the latent heat of evaporation of various fluids is much more accurately

known by direct experiment than the volume or density of their vapours, the

most useful form in which the equation (8.) can be put, is that of a formula for

computing the volume of a vapour from its latent heat, viz. :

—

V=v + 'i (9.)

T
dr

8. Results of this formula were calculated by Messrs Joule and Thomson,

and by Professor Clausius for steam, and showed, as had been expected, a

greater density and less volume than the law of the perfectly gaseous condition

would give. Some results of the same kind, and leading to the same conclusion,

were also computed by me and published in the " Philosophical Transactions"

for 1853-54 But for some years no attempt was made by any one to make a

table for practical use of the volumes of steam from equation (9.) ; because the

scientific world were in daily expectation of the publication of direct experi-

mental researches on that subject by M. Regnault.

9. At length, in the spring of 1 855, having occasion to deliver, to the class of

my predecessor. Professor Gordon, a course of lectures on the mechanical action

of heat, and finding it necessary to provide the students with a practical table

of densities of steam founded on a more trustworthy basis than the assumption

of the laws of the perfectly gaseous condition, I ventured upon the step of pre-

paring a table of the densities of steam for every eighteenth degree of Fahren-

heit's scale, from 86° to 410° inclusive, with the logarithms of those densities and

their differences, arranged so as to enable the densities for intermediate temper-

atures to be calculated by interpolation. Those tables were published in a litho-

graphed abstractof the course of lectures before mentioned, which is now out of

print. The same tables, however, have since been revised, and extended to ever}'
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ninth degree of Fahrenheit, from 32° to 428°, and have been printed at the end of

a work, " On Prime Movers." An account of the original tables was read to the

British Association in 1855*

10. In the unpubHshed paper before mentioned, as having been read to this

Society in 1854, the densities of the vapours of ether and bisulphuret of carbon,

under the pressure of one atmosphere, as computed by equation (9.), are shown

to agree exactly with those calculated from the chemical composition of those

vapours.

11. The method of using equation (9.), to calculate the volume of one pound

of steam, is as follows:

—

I. Calculate the total heat of evaporation of steam from 32°, at a given tem-

perature T' on Fahrenheit's scale, by Regnault's well-known formula 10917

+ 0-305 (r- 32°) (10.)

II. From that total heat subtract the heat required to raise one lb. of water

from 32° to T° Fahr , viz.,

ly 3:

''

cdT
32°

c being the specific heat of water ; the remainder will be the latent heat of evapo-

ration of one lb. of steam at T° ; that is to say,

A = 1091-7 + 0-305 (T-32°)_/"^ cdT (11.)

In computing the value of the integral in this formula, use has been made of

an empirical formula founded on M. Regnault's experiments on the specific heat

of water, as to which, see the " Transactions" of this Society for 1851, viz. :

—

"T

/;
cdT= T-T' + 0-000000103{(T-39°l)3-(T'-39°-l)3}. . . (11-A.)

III. The absolute temperature is given by the formula,

T = T + 46r-2Falir., (12.)

IV. The value of t -^ is deduced from the following formula, first published

in the " Edinburgh Philosophical Journal" for July 1849 :

—

com. log. P = A - - - -2 ; . • • • . (13.)

from which it follows that

/B 2C\ „
.

^

T^ = 2-3026 P ^^ ^^'

dr

* The reason for using 9" Fahr. as the interval of temperature is, that it is equal to 5° Centigrade

and to 4° Reaumur ; so that the tables can be applied with ease to any one of those three scales,

VOL. XXIII. PART I. 2 T



152 MR W. J. MACQUORN RANKINE ON THE DENSITY OF STEAM.

the values of the constants for steam being,

—

A, for pounds of pressure on the square foot, . . 8-2591

;

log. B for Fahrenheit's scale . . . . = 3-43642

;

log. C „ „ .... =5-598"3.

V. The volume of a cubic foot of liquid water at the temperature T may be

computed with sufficient accuracy for the present purpose by the following

formula :

—

?? nearly = 000801(3^ + ^^) (15.)

VI. These preliminary calculations having been made, the formula 9 can now
be applied to the calculation of the volume of one pound of steam (making

J= 772) ; and by this process the tables already mentioned were computed.

Comparison of the Results of Theory, with those of Messrs Fairbairn and Tate's

Expe7'iments.

12. The experiments of Messrs Fairbairn and Tate on the density of steam

are described in a paper which was read to the Royal Society of London, as the

Bakerian lecture, on the 10th of May 1860, and published in the " Philosophical

Tranactions" for that year. The results of those experiments give what is called

the " relative volume'''' of steam : that is, the ratio which its volume bears to that

of an equal weight of water at the temperature of greatest density, 39'' '1 Fahr.

;

but in the following table of comparison, each of those relative volumes is divided

by 62-425, the weight of a cubic foot of water at 39°-l in lbs., so as to give the

volume of one lb. of steam in cubic feet. The numbers of the experiments are the

same as in the original paper ; those made at temperatures below 212^ being

numbered from 1 to 9, and those made at temperatures above 212° from 1' to

14'.
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Comparison of the Theory^ with the Experiments 0/ Messrs Fairbairn and Tate.

Volume of one lb. of Steam
Number
of Experi-

Temperature.
Fahrenheit.

in Cubic Feet.
Difference.

Difference

ment. By Theory. By Exper. Exper. Vol.

1. 136-77 132-20 132-60 -040 ~^'S'S

2. 155-33 8510 85-44 -0 34 — 23-0

3. 159-36 77-64 7886 -1-22

4. 170-92 60-16 59-62 + 0-54 + t|o
5. 171-48 59-43 59-51 -0-08 — 7T4-

6. 174-92 55-18 55-07 + 0-11 + STT
7. 18230 47-28 48-87 -1-59 - W
8. 188-30 41-81 4203 -0-22 -tJt
9. 198-78 33-94 34-43 -0 49 -tV

1'. 242-90 15-61 1511 + 0-50 + 3V
2'. 244-82 14-77 14-55 + 0-22 + e-s-

3'. 24522 14-67 14-30 + 0-37 + 3V
4'. 255-50 12-39 12-17 + 0-22 + 5V
5'. 263-14 10-96 10-40 + 0-56 + tV
6'. 267-21 10-29 10-18 + 0-11 + 9V
r. 269-20 9-977 9-703 + 0-274 + ttV

8'. 274-76 9-158 9-361 -0-203 _ 1

4 7

9'. 273-30 9-367 8-702 + 0-665 + 1^3

10'. 279-42 8-539 8-249 + 0-290 + 2V
11'. 282-58 8145 7-964 + 0181 + ^i
12'. 287-25 7-603 7-340 + 0-263 + 2-V

13'. 292-53 7-041 6-938 + 0-103 + 6-V

14'. 288-25 7-494 7-201 + 0-293 + ^\

Remarks on the Differences between the Theoretical and Ewperimenial Results.

13. The differences between the theory and the experiments as to the volumes

of steam at temperatures below 212°, are, with few exceptions, of very small

relative amount ; and they are at the same time so irregular, as to show that

they must have mainly arisen from causes foreign to the data used in the theo-

retical computations.

14. Above 212° also, the differences show irregularity, especially in the case

of experiments 8' and 9', where Sifall of temperature is accompanied by a diminu-

tion instead of an increase in the volume of one pound of saturated steam, as

determined by experiment. But still those differences, presenting as they do, in

every case but one, an excess of the theoretical above the experimental volume,

show that some permanent cause of discrepancy must have been at work ; although

they may not be regular enough to determine its nature and amount, nor large

enough to constitute errors of importance in practical calculations relating to

steam-engines.
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15. So far as it is possible to represent those differences by anything like a

formula, they agree in a rough way with a constant excess of about 027 of a cubic

foot in the theoretical volume of one pound of steam above the experimental

volume ; and this also represents in a rough way the difference between the

curves, whose ordinates express respectively the results of the theoretical formula

and those of an empirical formula deduced from the experiments, so far as those

curves, as shown in a plate annexed to the paper referred to, extend through the

limits of actual experiment on steam, above 212°.

16. As the principles of the mechanical theory of heat may now be considered

to be established beyond question, it is only in the data of the formula that we

can look for causes of error in the theoretical calculation. I shall now consider

those data, with reference to the probability of their containing numerical errors.

I. Total Heat of JEvapo7'atio7i.—It is very improbable that this quantity, as

computed by M. Eegnault's formula, involves any material error.

II. Sensible Heat of the Liquid Water.—The empirical formula from which

this quantity is computed was determined from experiments by M. Reqnault,

which agree extremely well amongst themselves. (For the investigation of the

formula, see " Trans. Royal Soc. Edin.," vol. xx. p. 441). The subtraction of the

sensible heat from the total heat leaves the latent heat, upon which the increase

of volume depends ; hence, to account for an error in excess of the formula for

the volume by means of an error in the computation of the sensible heat, it must

be supposed that the specific heat of liquid water above 212° increases much more

rapidly than M. Regnault's experiments show, so as to produce a correspond-

ingly more rapid diminution in the latent heat of evaporation. It is easily com-

puted, for example, that to account for an error in excess of 0*27 of a cubic foot

in the volume of one pound of steam at 266°, by an error in defect in the sensible

heat, we must suppose that error to amount to about 24 British thermal units per

pound of water ; but such an error is altogether improbable.

III. Absolute Temperature.—The position of the absolute zero may be con-

sidered as established with a degree of accuracy which leaves no room for any

error sufficient to account for the differences now in question.

dP
IV. Function r-r-.—The same may unquestionably be said of this function;

which represents the mechanical equivalent of the latent heat of evaporation of

so much water as fills one cubic foot more in the vaporous than in the liquid

state.
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V. The Volume of one Pound of the Liquid Water is itself too small to affect

the question.

VI. The received value of the Mechanical Equivalent ofa unit of Heat cannot

err by so much as aioth part of its amount.

Conclusions.

17. It appears, then, that none of the data from which the theoretical calcu-

lations are made are liable to errors of a magnitude sufficient to account for the

differences between the results of those calculations and the results of Messrs

Fairbairn and Tate's experiments, small as those differences are in a practical point

of view. Neither does there appear to have been any cause of error in the mode

of making the experiments. There remains only to account for those differences,

the supposition that there was some small difference of molecular condition in the

steam whose density was measured in the experiments of Messrs Fairbairn and

Tate, above 212°, and the steam whose total heat of evaporation, as measured by

M. Regnault, is the most important of the data of the theoretical formula,—

a

difference of such a nature as to make a given weight of steam in Messrs Fair-

bairn and Tate's experiments occupy somewhat less space, and therefore require

somewhat less heat for its production, than the same weight of steam in M. Reg-

nault's experiments at the same temperature. That difference in molecular

condition, of what nature soever it may have been, was in all probability con-

nected with the fact, that in the experiments of Messrs Fairbairn and Tate, the

steam was at rest, whereas in those of M. Regnault it was in rapid motion

from the boiler towards the condenser. It is obvious, however, that in order to

arrive at a definite conclusion on this subject, further experimental researches are

required.
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XV.— Ow the Secular Cooling of the Earth. By Professor William Thomson,

LL.D., F.R.S., F.R.S.E. (Plate VIII.)

(Read 2Sth April 1862.)

1. For eighteen years it has pressed on my mind, that essential principles of

Thermo -dynamics have been overlooked by those geologists who uncompromisingly

oppose all paroxysmal hypotheses, and maintain not only that we have examples

now before us, on the earth, of all the different actions by which its crust has

been modified in geological history, but that these actions have never, or have

not on the whole, been more violent in past time than they are at present.

2. It is quite certain the solar system cannot have gone on, even as at present,

for a few hundred thousand or a few million years, without the irrevocable loss

(by dissipation, not by annihilation) of a very considerable proportion of the

entire energy initially in store for sun heat, and for Plutonic action. It is quite

certain that the whole store of energy in the solar system has been greater in all

past time than at present ; but it is conceivable that the rate at which it has

been drawn upon and dissipated, whether by solar radiation, or by volcanic

action in the earth or other dark bodies of the system, may have been nearly

equable, or may even have been less rapid, in certain periods of the past. But it

is far more probable that the secular rate of dissipation has been in some direct

proportion to the total amount of energy in store, at any time after the commence-

ment of the present order of things, and has been therefore very slowly diminish-

ing from age to age.

3. I have endeavoured to prove this for the sun's heat, in an article recently

published in " Macmillan's Magazine," * where I have shown that most pro-

bably the sun was sensibly hotter a million years ago than he is now. Hence,

geological speculations assuming somewhat greater extremes of heat, more violent

storms and floods, more luxuriant vegetation, and hardier and coarser grained

plants and animals, in remote antiquity, are more probable than those of the

extreme quietist, or " uniformitarian" school. A " middle path," not generally

safest in scientific speculation, seems to be so in this case. It is probable that

hypotheses of grand catastrophes destroying all life from the earth, and ruining

its whole surface at once, are greatly in error ; it is impossible that hypotheses

assuming an equability of sun and storms for 1,000,000 years, can be wholly

true.

* March 1862.
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4. Fourier's mathematical theory of the conduction of heat is a beautiful

working out of a particular case belonging to the general doctrine of the " Dissi-

pation of Energy." * A characteristic of the practical solutions it presents is,

that in each case a distribution of temperature, becoming gradually equalised

through an unlimited future, is expressed as a function of the time, which is in-

finitely divergent for all times longer past than a definite determinable epoch.

The distribution of heat at such an epoch is essentially initial—that is to say, it

cannot result from any previous condition of matter by natural processes. It is,

then, well called an " arUtrary initial distribution of heat," in Fourier's great

mathematical poem, because it could only be realised by action of a power

able to modify the laws of dead matter. In an article published about nine-

teen years ago in the " Cambridge Mathematical Journal,"! I gave the mathe-

matical criterion for an essentially initial distribution ; and in an inaugural

essay, " De Motu Caloris per Terrse Corpus," read before the Faculty of the

University of Glasgow in 184G, I suggested, as an application of these principles,

that a perfectly complete geothermic survey would give us data for determin-

ing an initial epoch in the problem of terrestrial conduction. At the meeting

of the British Association in Glasgow in 1855, I urged that special geothermic

surveys should be made for the purpose of estimating absolute dates in geology,

and I pointed out some cases, especially that of the salt-spring borings at Creuz-

nach, in Rhenish Prussia, in which eruptions of basaltic rock seem to leave traces

of their igneous origin in residual heat.]; I hope this suggestion may yet be

taken up, and may prove to some extent useful ; but the disturbing influences

affecting underground temperature, as Professor Phillips has well shown in a

recent inaugural address to the Geological Society, are too great to allow us to

expect any very precise or satisfactory results.

5. The chief object of the present communication is to estimate from the

known general increase of temperature in the earth downwards, the date of the

first establishment of that " consistentior status," which, according to Leibnitz's

theory, is the initial date of aU geological history.

6. In all parts of the world in which the earth's crust has been examined, at

sufficiently great depths to escape large influence of the irregular and of the

annual variations of the superficial temperature, a gradually increasing tempera-

ture has been found in going deeper. The rate of augmentation (estimated at

only TToth of a degree, Fahr., in some localities, and as much as J^th of a

degree in others, per foot of descent) has not been observed in a sufficient number

* Proceedings Royal See. Edin., Feb. 1852. " On a Universal Tendency in Nature to the

Dissipation of Mechanical Energy." Also, " On the Restoration of Energy in an Unequally Heated

Space," Phil. Mag., 1853, first half year.

t Feb. 1844.—" Note on Certain Points in the Theory of Heat."

X See British Association Report of 1855 (Glasgow) Meeting.
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of places to establish any fair average estimate for the upper crust of the whole

earth. But ^th is commonly accepted as a rough mean ; or, in other words, it is

assumed as a result of observation, that there is, on the whole, about 1° Fahr. of

elevation of temperature per 50 British feet of descent.

7. The fact that the temperature increases with the depth implies a continual

lossofheat from the interior, byconduction outwards through or into theuppercrust.

Hence, since the upper crust does not become hotter from year to year, there

must be a secular loss of heat from the whole earth. It is possible that no

cooling may result from this loss of heat, but only an exhaustion of potential

energy, which in this case could scarcely be other than chemical affinity between

substances forming part of the earth's mass. But it is certain that either the

earth is becoming on the whole cooler from age to age, or the heat conducted out

is generated in the interior by temporary dynamical (that is, in this case, chemi-

cal) action. To suppose, as Lyell, adopting the chemical hypothesis, has done,*

that the substances, combining together, may be again separated electrolytically

by thermo-electric currents, due to the heat generated by their combination, and

thus the chemical action and its heat continued in an endless cycle, violates the

principles of natural philosophy in exactly the same manner, and to the same

degree, as to believe that a clock constructed with a self-winding movement may
fulfil the expectations of its ingenious inventor by going for ever.

8. It must indeed be admitted that many geological writers of the " Uniformi-

tarian" school, who in other respects have taken a profoundly philosophical view

of their subject, have argued in a most fallacious manner against hypotheses of

violent action in past ages. If they had contented themselves with showing that

many existing appearances, although suggestive of extreme violence and sudden

change, may have been brought about by long-continued action, or by paroxysms

not more intense than some of which we have experience within the periods of

human history, their position might have been unassailable ; and certainly could

not have been assailed except by a detailed discussion of their facts. It would

be a very wonderful, but not an absolutely incredible result, that volcanic action

has never been more violent on the whole than during the last two or three cen-

turies ; but it is as certain that there is now less volcanic energy in the whole

earth than there was a thousand years ago, as it is that there is less gunpowder

in a " Monitor" after she has been seen to discharge shot and shell, whether at a

nearly equable rate or not, for five hours without receiving fresh supplies, than

there was at the beginning of the action. Yet this truth has been ignored or

denied by many of the leading geologists of the present day, because they believe

that the facts within their province do not demonstrate greater violence in ancient

changes of the earth's surface, or do demonstrate a nearly equable action in all

periods.

* Principles of Geology.
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9. The chemical hypothesis to account for underground heat might be re-

garded as not improbable, if it was only in isolated localities that the tempera-

ture was found to increase with the depth ; and, indeed, it can scarcely be doubted

that chemical action exercises an appreciable influence (possibly negative, how-

ever) on the action of volcanoes ; but that there is slow uniform " combus-

tion," " eremacausis," or chemical combination of any kind going on, at some

great unknown depth under the surface everywhere, and creeping inwards

gradually as the chemical affinities in layer after layer are successively saturated,

seems extremely improbable, although it cannot be pronounced to be absolutely

impossible, or contrary to all analogies in nature. The less hypothetical view,

however, that the earth is merely a warm chemically inert body cooling, is clearly

to be preferred in the present state of science.

10. Poisson's celebrated hypothesis, that the present underground heat is due

to a passage, at some former period, of the solar system through hotter stellar

regions, cannot provide the circumstances required for a pakTeontology continuous

through that epoch of external heat. For from a mean of values of the conduc-

tivity, in terms of the thermal capacity of unit volume, of the earth's crust, in three

different localities near Edinburgh, which I have deduced from the observations on

underground temperature instituted by Principal Forbes there, I find that if the

supposed transit through a hotter region of space took place between 1250 and 5000

years ago, the temperature of that supposed region must have been from 25° to

50° Fahr. above the present mean temperature of the earth's surface, to account

for the present general rate of under-ground increase of temperature, taken as 1°

Fahr. in 50 feet downwards. Human history negatives this supposition. Again, geo-

logists and astronomers will, I presume, admit that the earth cannot, 20,000 years

ago, have been in a region of space 100' Fahr. warmer than its present surface. But

if the transition from a hot region to a cool region supposed by Poissox took place

more than 20,000 years ago, the excess of temperature must have been more than

100° Fahr., and must therefore have destroyed animal and vegetable life. Hence,

the farther back and the hotter we can suppose Poisson's hot region, the better

for the geologists who require the longest periods ; but the best for their view is

Leibnitz's theory, which simply supposes the earth to have been at one time an

incandescent liquid, without explaining how it got into that state. If we suppose

the temperature of melting rock to be about 10,000° Fahr. (an extremely high

estimate), the consolidation may have taken place 200,000,000 years ago. Or,

if we suppose the temperature of melting rock to be 7000° Fahr. (which is more

nearly what it is generally assumed to be), we may suppose the consolidation to

have taken place 98,000,000 years ago.

11. These estimates are founded on the Fourier solution demonstrated below.

The greatest variation we have to make on them, to take into account the differ-

ences in the ratios of conductivities to specific heats of the three Edinburgh rocks.
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is to reduce them to nearly half, or to increase them by rather more than half.

A reduction of the Greenwich underground observations recently communicated

to me by Professor Everett of Windsor, Nova Scotia, gives for the Greenwich

rocks a quality intermediate between those of the Edinburgh rocks. But we are

very ignorant as to the effects of high temperatures in altering the conductivities

and specific heats of rocks, and as to their latent heat of fusion. We must, there-

fore, allow very wide limits in such an estimate as I have attempted to make
;

but I think we may with much probability say that the consolidation cannot

have taken place less than 20,000,000 years ago, or we should have more

underground heat than we actually have, nor more than 400,000,000 years

ago, or we should not have so much as the least observed underground incre-

ment of temperature. That is to say, I conclude that Leibnitz's epoch of " emer-

gence" of the " consistentior status" was probably between those dates,

12. The mathematical theory on which these estimates are founded is very

simple, being in fact merely an application of one of Fourier's elementary solu-

tions to the problem of finding at any time the rate of variation of temperature

from point to point, and the actual temperature at any point, in a solid ex-

tending to infinity in all directions, on the supposition that at an initial epoch

the temperature has had two different constant values on the two sides of a

certain infinite plane. The solution for the two required elements is as follows :

—

03"

dx ^nxKt
nr.

2V^='^o+^y2VKf j^^-

where k denotes the conductivity of the solid, measured in terms of the thermal

capacity of the unit of bulk ;

V, half the difference of the two initial temperatures

;

tj„, their arithmetical mean

;

t, the time

;

x, the distance of any point from the middle plane

;

V, the temperaturp of the point a; at time t ;

dv
and, consequently (according to the notation of the differential calculus), — the

rate of variation of the temperature per unit of length perpendicular to the iso-

thermal planes.

13. To demonstrate this solution, it is sufiicient to verify—(1), That the

expression for v fulfils the partial differential equation,

dv _ d^v

dt ~ dx^'

Fourier's equation for the " linear conduction of heat;" (2) That when i = 0,
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the expression for v becomes v^-^- V for all positive, and v^—V for all negative

dv
values of ^; and (3), That the expression for y- is the differential co-eflBcient

with reference to x, of the expression for v. The propositions (1) and (3) are proved

directly by differentiation. To prove (2), we have, when ^ = 0, and x positive,

2V
-/ dzt

Vttc

or according to the known value, \\/'^, of the definite integral / dzi~^ ,

and for all values of t, the second term has equal positive and negative values

for equal positive and negative values of x^ so that when ^ = and x negative,

t—vi^— V.

The admirable analysis by which Fouhier arrived at solutions including this,

forms a most interesting and important mathematical study. It is to be found

in his " Theorie Analytique de la Chaleur." Paris, 1822.

14. The accompanying diagram represents, by two curves, the preceding

expressions for -^. and v respectively.

15. The solution thus expressed and illustrated applies, for a certain time,

without sensible error, to the case of a solid sphere, primitively heated to a uni-

form temperature, and suddenly exposed to any superficial action, which for ever

after keeps the surface at some other constant temperature. If, for instance, the

case considered is that of a globe 8000 miles diameter of solid rock, the solution

will apply with scarcely sensible error for more than 1000 millions of years. For,

if the rock be of a certain average quality as to conductivity and specific heat,

the value of f, as I have shown in a previous communication to the Eoyal So-

ciety,* will be 400, to unit of length a British foot and unit gf time a year ; and

the equation expressing the solution becomes

dv V
dx 35-4

1
€

x'
~
i&oo't

.

5

and if we give t the value 1,000,000,000, or anything less, the exponential factor

becomes less than e (which being equal to about 270' niay be regarded as in-

sensible), when X exceeds 3,000,000 feet, or 568 miles. That is to say, during

the first 1000 million years the variation of temperature does not become sen-

sible at depths exceeding 568 miles, and is therefore confined to so thin a crust,

that the influence of curvature may be neglected.

* Oil the Periodical Variations of Underground Temperature. Trans. Roy. Soc. Edin.

March 1860.
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16. If, now, we suppose the time to be 100 million years from the commence-

ment of the variation, the equation becomes

dv V 160000000000

6^,2;"354000

The diagram, therefore, shows the variation of temperature which would now
exist in the earth, if, its whole mass being- first solid and at one temperature 100

million years ago, the temperature of its surface had been everywhere suddenly

lowered by V degrees, and kept permanently at this lower temperature : the

scales used being as follows :

—

(1) For depth below the surface,—scale along OX, 10 quarter inches, or a,

represents 400,000 feet.

(2) For rate of increase of temperature per foot of depth,—scale of ordinates

parallel to OY, 10 half inches, or h, represents g^^ of V per foot. If, for

example, F= 7000°, this scale will be such that 10 half inches, or h, represents ~
ofa degree per foot.

(3) For excess of temperature,—scale of ordinates parallel to OY, 10 half inches,

or 5, represents . , , or 7900°, if V = 7000°.

Thus the rate of increase of temperature from the surface downwards would

be sensibly ^ of a degree per foot for the first 100,000 feet or so. Below that

depth the rate of increase per foot would begin to diminish sensibly. At 400,000

feet it would have diminished to about j^ of a degree per foot. At 800,000 feet

it would have diminished to less than — of its initial value,—that is to say, to

less than^ of a degree per foot ; and so on, rapidly diminishing, as shown in

the curve. Such is, on the whole, the most probable representation of the earth's

present temperature, at depths of from 100 feet, where the annual variations cease

to be sensible, to 100 miles ; below which the whole mass, or all except a nucleus

cool from the beginning, is (whether liquid or solid) probably at, or very nearly

at, the proper melting temperature for the pressure at each depth.

17. The theory indicated above throws light on the question so often

discussed—^Can terrestrial heat have influenced climate through long geological

periods ? and allows us to answer it very decidedly in the negative. There would

be an increment of temperature at the rate of 2° Fahr. per foot downwards near

the surface, 10,000 years after the beginning of the cooling, in the case we have

supposed. The radiation from earth and atmosphere into space (of which we
have yet no satisfactory absolute measurement) would almost certainly be so

rapid in the earth's actual circumstances, as not to allow a rate of increase of
2° Fahr. per foot underground to augment sensibly the temperature of the sur-
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face ; and hence I infer that the general climate cannot be sensibly affected by

conducted heat at any time more than 10,000 years after the commencement of

superficial solidification. No doubt, however, in particular places there might

be an elevation of temperature by thermal springs, or by eruptions of melted

lava, and everywhere vegetation would, for the first 3,000,000 or 4,000,000

years, if it existed so soon after the epoch of consolidation, be influenced l^y the

sensibly higher temperature met with by roots extending a foot or more below

the surfjace.

18. Whatever the amount of such effects is at any one time, it would go on

diminishing according to the inverse proportion of the square roots of the times

from the initial epoch. Thus, if at 10,000 years we have 2° per foot of increment

below ground,
At 40,000 years we should have 1° per foot.

160,000 „ „
1° „

„ 4,000,000 „ „ tV° „

„ 100,000,000 „ „ ^v° »

It is therefore probable that for the last 96,000,000 years the rate of increase of

temperature under ground has gradually diminished from about ^^^th to about ^^th

of a degree Fahrenheit per foot, and that the thickness of the crust through which

any stated degree of cooling has been experienced has gradually increased in

that period from ^th of what it is now to what it is. Is not this, on the whole,

in harmony with geological evidence, rightly interpreted ? Do not the vast masses

of basalt, the general appearances of mountain-ranges, the violent distortions and

fractures of strata, the great prevalence of metamorphic action (which must have

taken place at depths of not many miles, if so much), all agree in demonstrating

that the rate of increase of temperature downwards must have been much more

rapid, and in rendering it probable that volcanic energy, earthquake shocks, and

every kind of so-called plutonic action, have been, on the whole, more abundantly

and violently operative in geological antiquity than in the present age ?

19. But it may be objected to this application of mathematical theory—(1), That

the earth was once all melted, or at least melted all round its surface, and cannot

possibly, or rather cannot with any probability, be supposed to have been ever a

uniformly heated solid, 7000° warmer than our present surface temperature, as

assumed in the mathematical problem ; and (2), No natural action could possibly

produce at one instant, and maintain for ever after, a seven thousand degrees'

lowering of the surface temperature. Taking the second objection first, I answer

it by saying, what I think cannot be denied, that a large mass of melted rock,

exposed freely to our air and sky, will, after it once becomes crusted over, present

in a few hours, or a few days, or at the most a few weeks, a surface so cool that

it can be walked over with impunity. Hence, after 10,000 years, or, indeed, I may

say after a single year, its condition will be sensibly the same as if the actual

lowering of temperature experienced by the surface had been produced in an
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instant and maintained constant ever after. I answer the first objection by say-

ing, that if experimenters will find the latent heat of fusion, and the variations

of conductivity and specific heat of the earth's crust up to its melting point, it

will be easy to modify the solution given above, so as to make it applicable to the

case of a liquid globe gradually solidifying from without inwards, in consequence

of heat conducted through the solid crust to a cold external medium. In the

meantime, we can see that this modification will not make any considerable

change in the resulting temperature of any point in the crust, unless the latent

heat parted with on solidification proves, contrary to what we may expect from

analogy, to be considerable in comparison with the heat that an equal mass of

the solid yields in cooling from the temperature of solidification to the super-

ficial temperature. But, what is more to the purpose, it is to be remarked that

the objection, plausible as it appears, is altogether fallacious, and that the

problem solved above corresponds much more closely, in all probability, with

the actual history of the earth, than does the modified problem suggested by

the objection. The earth, although once all melted, or melted all round its

surface, did, in all probability, really become a solid at its melting temperature all

through, or all through the outer layer, which had been melted ; and not until the

solidification was thus complete, or nearly so, did the surface begin to cool.

That this is the true view can scarcely be doubted, when the following arguments

are considered.

20. In the first place, we shall assume that at one time the earth consisted of

a solid nucleus, covered all round with a very deep ocean of melted rocks, and

left to cool by radiation into space. This is the condition that would supervene,

on a cold body much smaller than the present earth meeting a great number of

cool bodies still smaller than itself, and is therefore in accordance with what we
may regard as a probable hypothesis regarding the earth's antecedents. It in-

cludes, as a particular case, the commoner supposition, that the earth was once

melted throughout, a condition which might result from the collision of two

nearly equal masses. But the evidence which has convinced most geologists

that the earth had a fiery beginning, goes but a very small depth below the sur-

face, and affords us absolutely no means of distinguishing between the actual

phenomena, and those which would have resulted from either an entire globe of

liquid rock, or a cool solid nucleus covered with liquid to any depth exceeding

50 or 100 miles. Hence, irrespectively of any hypothesis as to antecedents

from which the earth's initial fiery condition may have followed by natural

causes, and simply assuming, as rendered probable by geological evidence,

that there was at one time melted rock all over the surface, w^e need not

assume the depth of this lava ocean to have been more than 50 or 100 miles

;

although we need not exclude the supposition of any greater depth, or of an

entire globe of liquid.

PART I. VOL. XXIII. 2 z
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21. In the process of refrigeration, the fluid must (as I have remarked regard-

ing the sun, in a recent article in " Macmillan's Magazine,"* and regarding the

earth's atmosphere, in a communication to the Literary and Philosophical Society

of Manchester!) be brought by convection, to fulfil a definite law of distribution

of temperature which I have called " convective equilibrium of temperature."

That is to say, the temperatures at different parts in the interior must differ

according to the different pressures by the difference of temperatures which any

one portion of the liquid would present, if given at the temperature and pressure

of any part, and then subjected to variation of pressure, but prevented from

losing or gaining heat. The reason for this is the extreme slowness of true

thermal conduction ; and the consequently preponderating influence of great

currents throughout a continuous fluid mass, in determining the distribution of

temperature through the whole.

22. The thermo-dynamic law connecting temperature and pressure in a fluid

mass, not allowed to lose or gain heat, investigated theoretically, and experimen-

tally verified in the cases of air and water, by Dr Joule and myself, t shows,

therefore, that the temperature in the liquid will increase from the surface down-

wards, if, as is most probably the case, the liquid contracts in cooling. On the

other hand, if the liquid, like water near its freezing-point, expanded in cooling,

the temperature, according to the convective and thermo-dynamic laws just

stated (§§ 21, 22), would actually be lower at great depths than near the sur-

face, even although the liquid is cooling from the surface ; but there would be a

very thin superficial layer of lighter and cooler liquid, losing heat by true conduc-

tion, until solidification at the surface would commence.

23. Again, according to the thermo-dynamic law of freezing, investigated by

my brother,§ Professor James Thomson, and verified by myself experimentally for

water,
||
the temperature of solidification will, at great depths, because of the gi'eat

pressure, be higher there than at the surface if the fluid contracts, or lower than

at the surface if it expands, in becoming solid.

24. How the temperature of solidification, for any pressure, may be related

to the corresponding temperature of fluid convective equilibrium, it is impossible

to say, without knowledge, which we do not yet possess, regarding the expansion

* March 1862.

f
" Proceedings," Jan, 1862. " On tlie Convective Equilibrium of Temperature in the

Atmosphere."

J Joule, " On the Changes of Temperature produced by the Rarefaction and Condensation of

Air," Phil. Mag. about 1844, Thomson, " On a Method for Determining Experimentally the Heat
evolved by the Compression of Air ; Dynamical Theory of Heat, Part IV.," Trans. R. S. E., Session

1850-51 ; and reprinted, Phil. Mag. Joule and Thomson, " On the Thermal Effects of Fluids in

Motion," Trans. R. S. Lond., June 1853 and June 1854. Joule and Thomson, " On the Alterations

of Temperature accompanying Changes of Pressure in Fluids," Proceedings R. S. Lond., June 1857.

§ " Theoretical Considerations Regarding the Effect of Pressure in lowering the Freezing-Point

of Water," Trans. R. S. E., Jan. 1849.

II

Proceedings R. S. E., Session 1849-50.
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with heat, and the specific heat of the fluid, and the change of volume, and the

latent heat developed in the transition from fluid to solid.

25. For instance, supposing, as is most probably true, both that the liquid

contracts in cooling towards its freezing-point, and that it contracts in freez-

ing, we cannot tell, without definite numerical data regarding those elements,

whether the elevation of the temperature of solidification, or of the actual tem-

perature of a portion of the fluid given just above its freezing-point, produced

by a given application of pressure, is the greater. If the former is greater than

the latter, solidification would commence at the bottom, or at the centre, if there

is no solid nucleus to begin with, and would proceed outwards ; and there could

be no complete permanent incrustation all round the surface till the whole globe

is solid, with, possibly, the exception of irregular, comparatively small spaces of

liquid.

26. If, on the contrary, the elevation of temperature, produced by an appli-

cation of pressure to a given portion of the fluid, is greater than the elevation

of the freezing temperature produced by the same amount of pressure, the

superficial layer of the fluid would be the first to reach its freezing-point, and the

first actually to freeze.

27. But if, according to the second supposition of § 22, the liquid expanded

in cooling near its freezing-point, the solid would probably likewise be of less

specific gravity than the liquid at its freezing-point. Hence the surface would

crust over permanently with a crust of solid, constantly increasing inwards by

the freezing of the interior fluid in consequence of heat conducted out through

the crust. The condition most commonly assumed by geologists would thus be

produced.

28. But Bischof's experiments, upon the validity of which, so far as I am
aware, no doubt has ever been thrown, show that melted granite, slate, and

trachyte, all contract by something about 20 per cent, in freezing. We ought,

indeed, to have more experiments on this most important point, both to verify

Bischof's results on rocks, and to learn how the case is with iron and other

unoxydised metals. In the meantime we must consider it as probable that the

melted substance of the earth did really contract by a very considerable

amount in becoming solid.

29. Hence, if according to any relations whatever among the complicated

physical circumstances concerned, freezing did really commence at the surface,

i

either all round or in any part, before the whole globe had become solid, the

solidified superficial layer must have broken up and sunk to the bottom, or to

the centre, before it could have attained a sufiicient thickness to rest stably on

the lighter liquid below. It is quite clear, indeed, that if at any time the earth

were in the condition of a thin solid shell of, let us suppose 50 feet or 100 feet

thick of granite, enclosing a continuous melted mass ot 20 per cent, less specific
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gravity in its upper parts, where the pressure is small, this condition cannot have

lasted many minutes. The rigidity of a solid shell of superficial extent so vast

in comparison with its thickness, must be as nothing, and the slightest dis-

turbance would cause some part to bend down, crack, and allow the liquid to run

out over the whole solid. The crust itself would in consequence become shattered

into fragments, which must all sink to the bottom, or to meet in the centre and

form a nucleus there if there is none to begin with.

30. It is, however, scarcely possible, that any such continuous crust can ever

have formed all over the melted surface at one time, and afterwards have fallen

in. The mode of solidification conjectured in § 25, seems on the whole the

most consistent with what we know of the physical properties of the matter con-

cerned. So far as regards the result, it agrees, I believe, with the view adopted

as the most probable by Mr Hopkins.* But whether from the condition being

rather that described in § 26, which seems also possible, for the whole or for

some parts of the heterogeneous substance of the earth, or from the viscidity as of

mortar, which necessarily supen'^enes in a melted fluid, composed of ingredients

becoming, as the whole cools, separated by crystallising at different temper-

atures before the solidification is perfect, and which we actually see in lava

from modern volcanoes; it is probable that when the whole globe, or some

very thick superficial layer of it, still liquid or viscid, has cooled down to near

its temperature of perfect solidification, incrustation at the surface must com-

mence.

31. It is probable that crust may thus form over wide extents of surface, and

may be temporarily buoyed up by the vesicular character it may have retained

from the ebullition of the liquid in some places, or, at all events, it may be held

up by the viscidity of the liquid; until it has acquired some considerable thickness

sufficient to allow gravity to manifest its claim, and sink the heavier solid below

the lighter liquid. This process must go on until the sunk portions of crust

build up from the bottom a sufficiently close ribbed solid skeleton or frame, to

allow fresh incrustations to remain bridging across the now small areas of lava

pools or lakes.

32. In the honey-combed solid and liquid mass thus formed, there must be a

continual tendency for the liquid, in consequence of its less specific gravity, to

work its way up ; whether by masses of solid falling from the roofs of vesicles or

tunnels, and causing earthquake shocks, or by the roof breaking quite through

when very thin, so as to cause two such hollows to unite, or the liquid ofany ofthem

to flow out freely over the outer surface of the earth ; or by gradual subsidence of

the solid, owing to the thermo-dynamic melting, which portions of it, under intense

stress, must experience, according to views recently published by my brother, Pro-

* See his Report on " Earthquakes and Volcanic Action." British Association Report for

1847.
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fessor James Thomson.* The results which must follow from this tendency

seem sufficiently great and various to account for all that we see at present, and

all that we learn from geological investigation, of earthquakes, of upheavals and

subsidences of solid, and of eruptions of melted rock.

33. These conclusions, drawn solely from a consideration of the necessary

order of cooling and consolidation, according to Bischof's result as to the relative

specific gravities of solid and of melted rock, are in perfect accordance with what

I have recently demonstrated! regarding the present condition of the earth's

interior,—that it is not, as commonly supposed, all liquid within a thin solid

crust of from 30 to 100 miles thick, but that it is on the whole more rigid certainly

than a continuous solid globe of glass of the same diameter, and probably than

one of steel.

* Proceedings of the Royal Society of London 1861, "On Crystallization and Liquefaction as

influenced by Stresses tending to Change of Form in Crystals."

I In a paper " On the Rigidity of the Earth," communicated to the Royal Society a few days

ago. April 1862.
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XVI.

—

On the Rejiresentative Rslationships of the Fixed and Free Tunicata, re-

garded as two Subclasses ofequivalent value; with some General Remarks on their

Morphology. By John Denis Macdonald, R.N., F.R.S, Surgeon of PI.M.S.

" Icarus." Communicated by Professor Maclagan. (Plate IX.)

(Read 15th December 1862.)

My first precise views of the structure of the Tunicata were formed by the

perusal of Mr Huxley's masterly papers dealing with the anatomy of Salpa, Py-

rosoma, Doliolum, and A^jjyendicularia, in the Phil. Trans, for 1851, Part 11. ; and

I have since had abundant opportunity of verifying all the important facts, made

known by that original observer, in the papers to which I have alluded.

Having thus acknowledged my guide in this field of research, I can scarcely

claim much originality as relates to pure anatomy ; but I hope that the method

here adopted, in opening up this interesting subject, will be found in keeping with

nature, as it is the result of much study and practical investigation.

I must first beg the question, and next endeavour to support it, that the class

Tunicata may be conveniently divided into two subclasses—viz., the fixed or

stationary, and the free or locomotive. The latter, from their habit of life, are

also commonly denominated Pelagic; while the former, by general consent, chiefly

following the suggestions of M. Milne-Edwards, have been divided into the

Simple, the Social, and the Compound, as given in the following table :

—

Tunicata.

I. Fixed or stationary.

1. Solitary, or simply segregate.

a. Sessile (recumbent or erect), or pedunculate, .... Simple.

2. Organically blended in communities.

a. Sessile or pedunculated on a common axis, .... Social.

b. Immersed in a common test substance, ..... Compound.

II. Free or locomotive, ......... Pelagic.

Of the fixed Tunicata, it would appear that Pelonaia and Chelyosoma* pre-

sent characters which at once distinguish them from all the other members of

the subclass. Thus, in the genera named, the branchial membrane seems to

be closely adherent to the subjacent textures, without forming a distinct sac,

* We ai'e much in want of more accurate information respecting these genera. Mr Huxley
remarks, loc. cit. 588, " In Pelonaia, the hypopharyngeal band has disappeared. It is a Salpa in

which tlie oral and cloacal orifices have approximated, while the ' gill' lias become obliterated;" and

in a note at the bottom of the page he says, " Chelyoftoma would appear to resemble Pelonaia in the

absence of any distinct branchial sac; but Eschricht's figures are not very clear."

VOL. XXIII. PART II.
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though finely areolated and thrown into parallel folds ; whereas, in all the re-

maining fixed Tunicata, a branchial sac may be demonstrated, the respiratory

slits or meshes being in general longitudinal, and disposed in many transverse

series. On the other hand, the respiratory system in the free or Pelagic section

presents no less than four distinct types, as occurring respectively in the genera

Pyrosoma, Doliolum, Salpa, and Appendicularia. These may be defined as

follows :

—

Branchial membrane sac-like, rvith transverse slits in single longitudinal series,

strengthened by longitudinal non-ciliated bars. Apertures terminal or subter-

minal—Pyrosoma .

Respiring by an upper and a lower " gill-band,'''' connected with each other later-

ally, and with the walls of the atrium ; having branchial slits, but no suppo7'ti?ig

longitudinal bars. Apertures terminal—Doliolum.

Respiring by a central inferior gill-band, with free borders and transverse

ciliated stripes, but without slits or bars. Apertures terminal or subterininal—
Salpa, &c.

Pharynx ciliated below without a distinct " gill-bandf branchial slits reduced to

two ciliated oj)enings on the sides of the rectum. Apertures approximated hoemally

—Appendicular!A

.

As far as the respiratory system is concerned, therefore, the fixed Tunicata

exhibit at least two well-marked types, and the Pelagic group four, which are

equally distinct, and, as I conceive, of equal importance, demanding fair consider-

ation in systematic arrangement. Moreover, I am quite satisfied that there are very

striking representative relationships existing between the fixed and free Tuni-

cata ; and in order to exhibit these the more clearly, I have drawn up the annexed

circular scheme or table, in which it will be seen that each subclass has its simple,

social, and compound groups, and their mutual representatives may be at once

recognised. Thus, Appendicidaria represents the equally curious genus Pelonaia,

Doliolum the remaining simple Tunicata, Salpa the social, and Pyrosoma, the com-

pound group, but, in particular, the Botryllians. Any one accustomed to draw

comparisons and analogies will readily perceive that there is something more

than simple coincidence in all this, particularly as the characters employed are

so comprehensive, bearing successively on habit of life, habit of body, social habit,

mode of gemmation, and respiration. It would be quite as easy to draw up two

circles as one, or the characters might be thrown into rays instead of circles, but

the result in all cases would be virtually the same.

I always pay respect to the maxim, that " characters can only be taken as

natural when they have been proved to be so ;" and I know also that groups

must be found, before trustworthy characters can be chosen to effect a classifica-

tion. When we fiudiNerites breathing air, and feeding on the green leaves of the
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forest, Nerites breathing in the mountain streams, Nerites in brackish waters,

Nerites on the beach in fellowship with Littorina, and in the sea itself, one would

say that habit of life would afford anything but a natural character. Nor indeed

would it in the case given, and in many others that might be adduced ; but it

certainly affords us the simplest and most natural primary division of Tunicata^

and the other characters adopted in the table appear to answer their purpose

equally well.

The idea has been too commonly entertained, that the Pelagic Tunicata, so

called, compose a group only commensurate with the compound, the social, or the

simple, taken separately, but I trust that a candid analysis of the preceding table

will serve to free the judgment from an accustomed bias in this particular, and

show that the fixed and the free Tunicata form two subclasses of at least nearly

equal value in a zoological point of view ; and I almost imagine, though myself

affected by the prejudice to which I have alluded, that the balance is rather in

favour of the Pelagians.

Though we may readily, as by a kind of empiricism, recognise a difference

between the simple^ social, and compound Tunicata, it is by no means easy to give

them an intelligible definition. Indeed, I can safely say, as a student of the Tuni-

cata, that I have long known more of the existence of a difference than of its pre-

cise nature, and this can scarcely be arrived at by the study of books alone. In-

deed, the whole subject is even now shadowy and ill defined, notwithstanding the

great light that has been shed upon it by the labours of Savigny, Macleay,

Fleming, Milne-Edwards, and, in particular, Professor Huxley.

The term Compound is just as applicable to a tree of Perojphora, as it is to one

oi Sertularia ; but that term is restricted to another group, including forms that

differ remarkably inter se, such as Botryllus and Sigillina, for example, their

great characteristic being, as far as I can see, more or less complete immersion of

the zooids in a common test, with or without vascular intercommunication. This

immersion of the zooids is an important feature, as no common cloacal system

can otherwise exist ; but, inasmuch as it may occur without the formation of

cloacae, it links the social group with such compound Tunicaries as possess a com-

mon cloacal system. Furthermore, the branched and undermining form of this

system, in several genera, indicates the passage to the Botryllian punctate, linear,

or reticulate type, in connection with which latter, as a genetic character, several

zooids are developed from a single ovum, as in Pyrosoma.

The process of gemmation, on the other hand, is much more energetic in the

social than in either the simple or compound Ascidians. Thus, we scarcely ever

find incipient buds springing from, or beyond others little farther advanced in the

two latter, while such is the rule in the former group.

That the increase of the connecting substance, or " ascidiarium" of Huxley,

proceeds pari passu with the gemmae, and is, in fact, in advance of them in the
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social Ascidians, as in the Polyzoa, can scarcely be denied ; and upon it is im-

pressed a limited law of growth or extension which is subservient to the forces

determining the development of the zooids. Thus, while both progress in

harmony, there are obvious indications of the co-existence of independent

powers.

The primary fixed point, or, as it were, the potential germ of the ascidiarium,

taken in the abstract, will be found to be very differently related to the zooids

in the compound as compared with the social Ascidians. Thus, the point of

attachment of a PeropJiora or Chondrostachys^ for example, may be looked upon

as homologous with the cloacal side of the apex, so called, in Pyrosoma, Plate

IX. fig. 1 a\ or to the corresponding part in BotryUus, Plate IX. fig. 2 a', the

attached surface of the latter genus, Plate IX. fig. 2 a, being equivalent to the

exterior side of the apex in the free Pyrosoma, and to the summit of the axis,

produced in Chondrostachys, Plate IX. fig. 1 a, and depressed in Diazona^ which

latter genus appears to me to be more conformable with the social than with the

compound group. The haemal surface of the zooids, we therefore find, is turned

in opposite directions in Chondrostochys and Botryllus,— viz., in the former case,

towards the summit of the growing axis, and, in the latter, towards the margin

of the encrusting common test, or, in other words, the zooids face outwards in

one instance and inwards in the other. Though all the gemmcc augmenting the

community are dorsal in both examples given, yet, in BotryUus, and especially

in Pyrosoma, they are being continually thrown forward, so as ultimately to

be in advance of the parent zooids, whereas in the social group, the anterior

aspect of the primary zooid being turned towards the surface, upon which

the rudimentary ascidiarium is fixed, the new gemmae arise within extensions of

the connecting substance in a truly retrograde direction,

—

i. e., centripetally, or

towards the summit of the central axis thus formed.

In the beautiful species of Botrylloides, of which there are many in the

Australian seas, I have frequently observed a rear-rank of gemmae advancing to

usurp the place of their parents, which had for some time previously played their

part at the fore ; and indeed it is only in this way that the linear and reticulate

cloacae (along the sides of which two rows of zooids are at most to be found),

can be produced.

The bell-shaped antroversion of the "ascidiarium" in Pyrosoma appears to be

necessitated by the position of the " cyathozooid," so accurately described by

Professor Huxley, and of the cloacal apertures of the four " ascidiozooids" sur-

rounding it, as also by the peculiar mode of advance of the gemmae, and the

forward extension of these palliovascular stolons, which are in all Tunicata inti-

mately connected with the growth and nutrition of the test.

The proximal surface of BotryUus, being fixed, presents so great antroversion

of the mass as happens in Pyrosoma, which, in consequence of being quite free,
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admits of the full play of this tendency, aided by a more rapid development of

the zooids. Moreover, it would appear, that the margin of the external opening

of the common cloaca is permanent, progressively advancing with the newly

formed zooids, thrusting themselves forwards between it and the parents from

which they sprung. Whereas, in Botryllus or Botrylloides, where there is but

one effective row of zooids bordering the cloacae at any particular time, the

margins of the openings must be continually undergoing repair and decay.

On comparing an expansion of Botryllus with one of Flustra, or any other

polyzoon, it is curious to observe that the zooids lie virtually face downwards in

the latter, and face upwards in the former ; and this is certainly one amongst

many points of difference existing between the Polyzoa and the Compound

Tunicata, while it favours the view that the Polyzoa hold the same relationship

to the BracMopoda* that the compound hold to the simple Tunicata, or, to ex-

tend the question, that a Gorgonia bears to an Actinia.

A test which is common to a number of individuals, i.e., an Ascidiarium,

affords the first bond of union or community occurring in Tunicata. The next

is obviously the establishment of a common cloacal system; and, lastly, as it

would appear, the most important condition, truly suggesting the designation

compound, is the intercommunication of the Pallio-Tascular systems of the zooids,

either as connected with the process of gemmation alone, or with the nutrition of

the common test. Systems of intercommunicating stolons, having no connection

whatever with gemmation, frequently present themselves in the compound genera;

thus, in Leptoclinum and others, they are simple, or simply branched without

reticulation ; while, in Botryllus, they are compound, reticulate, and open a com-

munication between the zooids.

The cloacal, like the branchial aperture, may open upon the external surface

of the common test, or it may open into a definite common cloacal system either

directly or by a tributary canal. The character and arrangement of the common
cloacse are of great importance in classification, and it is much to be regretted

that so little definite information respecting them is to be found in systematic

works. Whenever the opportunity presented itself, I have always endeavoured

to unravel their curious schemes of arrangement, and often found it a matter of

great difficulty ; but so far as I have been able to generalize them, they are given

in the following classification, which will be also found to afford a simple exposi-

tion of the leading features of the Tunicata as a whole.

As a matter of course, many characters in the minor distinctions here em-

ployed must, and have been, previously adopted by others. Thus, Mr W. S.

M'Leay and Dr Fleming have passed in review nearly all the available characters

in the Simple Tunicata, and M. Milne-Edwards has done the same with the

* The ventral valve being the valve of attachment in the Brachiopoda as in the Polyzoa.
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social HDd compound groups. I hope, therefore, that this will be sufficient

apology, without complicating the table by continual reference to authority.

CLASS TUNICATA.

Marine molluscoid animals, fixed or free, invested by an outer coat or tunic

of variable consistency, and communicating with the exterior by an inhalent and

an exhalent orifice for respiratory currents, conveying also the materials used as

food ; having a ciliated and variously modified pharynx adapted for respiration,

and an atrial chamber for the discharge of the respired water and excretions,

a reversible circulation, sexes combined, and the power also of developing by

gemmation, which property pre-eminently distinguishes them from the mollusca

proper.

SUB-CLASS I.

ANIMALS FIXED OR STATIONARY.

I. Branchial membrane closely adherent, or more or less perfectly sac-like, simply areolated, or

distinctly retiform ; the meshes disposed in many transverse series without non-ciliated siip'

porting bars.

1 . GemmaB springing directly from the parent with a temporary bond ~j Simple

of union,........... J
Tunicata.

A. Branchial membrane adherent, not forming a distinct sac. Ten- 1 Genera.

taenia, o. Branchial folds transverse, ..... J Pelonaia.

B. Branchial membrane more or less perfectly sac-like.

1. Tentacula o, . . . . . . . . • (') Chelyosoma.

2. Tentacula simple, liver rudimentary, animal sessile (erect or re-

cumbent).

a. Bi'anchial folds, o, ..... . Asddium.

b. Branchial folds longitudinal.

1. Branchial aperture higher than the cloaca], . Cynthia.

2. Apertures on the same plane.

a. Protected by a D-shaped apercular fold of the

test common to both, .... Peroides.

b. Simple or naked.

1

.

Ovary and testis on right side, . . Pandocia.

2. Ovary and testis on the left side, . Dendrodoa.

3. Tentacula compound. Branchial folds numerous, longitudinal

;

liver well developed.

a. Sessile (erect), apertures on the same plane, . . Ceesira and

Molgula ?

b. Pedunculated (pendulous) cloacal opening, the higher or

subterminal, ....... Boltonia and

Cystingea.
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Table of Classification—continued.

2. Gemmae springing separately from a definite " ascidiarium (J^wa;.), and communicating

indirectly through a central common vascular system, . Social Tunicata.

A. Zooids branchial {Hux.'), pedunculated, springing from a scandent or Genera.

repent corneous axis, with a central permanent vascular system

common to the offsets, ....... Perophora.

B. Zooids intestinal [Hux.)

1. Pedunculated.

a. Standing upon a repent ramose cartilaginous case, with a

central canal (usually not permanent), communicating with

the offsets, ........ Clavellina.

b. Developed centripetally on an erect, simple, cylindrical stem,

permeated by numerous longitudinal canals communicating

with the offsets, though rarely with each other, . Chondrostachys.

2. Sessile, clustered in irregular circles on a simple depressed axis, Syntethys.

And, probably, ........
C?)

Diazona.

3 . Gemmae arising separately from the parent, with or without vascular inter-

communication, but always immersed in a common test or "ascidi-

arium,".......... Compound Tunicata.

A. Pallio-vascular system simple, i.e., not intercommunicating. Genera.

1. Excretory aperture opening directly upon the surface. Cloacce o.

a. Biabdominal (Polyclinian). Zooids in irregular circles, one

above another, ....... Sigillina.

b. Abdominal (Didemnian).

1. Zooids in one or two rows at unequal distances from

centres, ....... Distomus.

2. Zooids without distinct circumscription.

a. Abdominal viscera beside the thorax, . Euccelium.

b. Abdomen pedunculate, . . . Didemnium.

2. Excretory aperture opening into a common cloacal system.

a. Cloaca superficial reticulate, with tributary canals diverging

from the zooids in the intervening spaces.

a. Thorax double, ...... Diplosoma.

b. Thorax simple, ...... Leptoclinum.

b. Cloacae deeply excavated, dendritic, formed by the con-

fluence of converging canals.

1. Biabdominal (Polyclinian),

a. Systems diffuse.

a. Branchial aperture 6-rayed, . . Amarcecium.

jS. Branchial aperture 8-rayed, . . Parascidium.

b. Systems circumscribed.

. Without central cavities, . . . Aplydium.

. With central cavities, . . . Polyclinum.
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Table of Classification—continued, ...... Compound Tunicata.

B. Palliovascular system intercommunicating. Genera.

1. Excretory apertures opening directly into punctate, linear, or

reticulate cloaca.

a. Biadominal (Polyclinian).

1

.

Systems single, isolated, or gregarious in whole relief,

pendunculated (?), . . . . . Synoecium.

2. Systems numerous, masses crusting.

a. In half relief projecting above the surface, (?) Sidnyum.

h. Not projecting above the surface, . . Polychnoides.

b. Thoracic (Botryllian).

a. Cloacse punctate, ..... . Botryllus.

b. CloacEe linear or reticulate, .... Botrylloides.

SUB-CLASS II.

animals free locomotive. Pelagic Tunicata.

Genera.

II. Branchial membrane, sac-like, tuith transverse slits in single longitudinal series,

strengthened by longitudinal non-ciliated rods, apertures terminal or sub-

terminal, ............ Pyrosoma.

III. Respiring by an upper and a loiuer gill-band, connected with each other laterally

a?id with the walls of the atrium ; having branchial slits, but no supporting

longitudinal rods. Apertures terminal, ....... Doliolum.

IV. Respiring by a central and inferior gill-band with free borders, and transverse

ciliated stripes, but without slits or rods. Apertures terminal or sub-terminal.

1. Intestine short, and simply folded upon itself.

A. Sexual zooids concatenated in chains.

1. Ciliated stripes with pouch-like recesses at their outer ends, . Pegea.

2. Ciliated stripes of gill-band, simple, ..... Salpa.

B. Several zoids permanently united in circles, as in Pyrosoma, . . Pyrosomopsis.

2. Intestine extended directly forwai'ds from a ccecum-like proventriculus. The

anus, and with it the ejaculatory duct, opening near the branchial orifice, Orthocceta.

(Salpa pinnata.)

V. Pharynx ciliated beloiv, without a distinct gill-band. Branchial slits reduced to

two ciliated openings on the sides of the rectum. Apertures approximated

hcemally, ........... Appendicularia.

The lobing, and other particulars connected with the apertures, afford simple

and easily recognisable characters, which are often distinctive of genera ; but, as

the Table might be rendered too complex by their introduction, I have omitted

them. They may, however, be readily supplied by the student for his own con-

venience. I have drawn up the preceding scheme of classification chiefly with

the view of illustrating the principles set forth in the first part of the paper. My
own doubts I have expressed with a query (?), and even independent of these
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many errors may be patent to zoologists, better conversant with the Tunicata

than myself. Such, indeed, can only be expected to occur in thus dealing with

so comprehensive a subject. I believe, nevertheless, that our acquisitions, as well

as those things which are yet desiderata in the interesting study before us, are

made much plainer in an attempt of this kind, however imperfect, than perhaps

in any other way. The following genera may require brief comment in reference

to their zoological characters, and the position assigned to them in the Table :

—

Chelyosoma.

The absence of branchial tentacula in this genus, and what has been already

said of it, p. 171, suggests a position for it near Pelonaia.

Peroides (mihi).

Peroides is anAustralian genus discovered by me on the Bellona reefs, lat. 21. 51.

S., long. 159. 28. E., but as I have given an account of it, with figures, to the Lin-

nean Society, I need only allude to its leading features, which are these,—animal

recumbent on the left side ; apertures simple on the same plane, and protected

by a D-shaped operculum, composed of an indurated fold of the test common
to both.

Cynthia, Ccesira and Molgula.

The term genus was received by the earlier zoologists in a much wider

sense than that to which we now confine it ; and, as might be expected, this has

since given rise to much confusion, requiring considerable research to clear up satis-

factorily. Thus, under the head of Cynthia, several distinct genera were included

by Savigny, and we consequently find that the restricted genus, as understood

by Professor Forbes, is represented as having a " circle of tentacular filaments,"

i.e., simple tentacula; whereas Dr Fleming gives Cynthia the character of " Ten-

tacula compound," which could only be applied to a very different genus. It is

also remarkable that without any reference to Professor Forbes' s genus Molgula,

in a paper read before the Linnean Society and published in the Transactions, I

described two Australian Ascidians accurately conformable to Savigny's genus

Ccesira, and which, singularly enough, very closely represent the two British

species of Molgula described by Professor Forbes ; and my impression has ever

since been, that Ccesira and Molgula are synonyms of one and the same genus.

Knowing, however, the great and respected authority which this view calls into

question, I cannot be positive on the subject, but merely direct attention to it in

the hope of setting it right.

CJiondrostachys (mihi).

This name I have given to a very beautiful social Ascidian, which I first
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dredged up in deep water in Bass Strait. The particulars of its anatomy, witii

several figures, were published in the Ann. and Mag. Nat. Hist, at the time ; and

it has since been obtained by Mr F. N. Raynek, R.N., late surgeon of H.M.S.

" Herald," in the neighbourhood of Torres Strait. It may be remarked, that the

whole mass is quite colourless and pellucid, but in other respects it is sufficiently

described in the table.

Diazoiia.

It has often appeared to me that Diazona was more closely related to the

Social than to the Compound Tunicata, from the similarity of its structure to that

of Syntethys. The position assigned to it in the table is quite in accordance with

the definitions there given.

Diplosoma (milii).

This genus I have found both in the S.W. Pacific and in the West Indies.

The mass is gelatinous and filmy, and the thorax in the zooids is double—a con-

dition that may be traced even long before the young escapes from the ovum. It

was described and figured in the Transactions of the Linnean Society as the

first step towards the still more paradoxical development of the ovum in Bo-

tryllus and Pyi'osoma.

Syncecium and Sidnyum.

Though certain general considerations have induced me to place these genera

near the true Botryllians, I cannot yet say whether they have an inter-communi-

cating palliovascular system or not ; and as it would be equally wrong, should

such be the case, to place them anywhere else, they may remain where they are

until the question is settled, and the (?) is removed.

Polyclinoides (mihi).

I have applied this term to an Australian genus of compound Ascidians, dis-

tinguished from Botryllus by having a distinct abdomen, and the generative

organs pedunculated, forming a post abdomen,—and from Polyclinum, by possessing

a compound palliovascular system, and fewer zooids surrounding the cloacae

;

besides which the mass is thin and encrusting, as in Botryllus. The branchial

aperture is considerably elevated, and six-lobed. The superior margin of the

cloacal opening is much produced, and three-lobed at the extremity, which is

simple in Botryllus.

Pyrosomopsis (mihi).

A name which I have applied provisionally to a curious genus of Salpians, in
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which the gemmae are permanently united in circles, and thus described in my
notes :

—" This form presents seven perfect Salpians disposed in a circle, radiating,

with their posterior extremities approximated near the centre, and enveloped in a

common membrane, like a medusiform disc.

" Eespiratory openings occupying one surface of the disc, the anterior or

orifice of ingress being marginal, and the posterior central. The testis and a

diverticulum of the alimentary canal forming two elongated papilliform processes,

projecting from the posterior extremity of each animal (but within the common
envelope), and convening towards the centre of the disc. Intestine forming an

open arch, with its convexity directed backwards, across which the long and nar-

row duct of the testis passes to open into the respiratory chamber. Each zooid

bearing a solitary embryo communicating with the sinus system, and enclosed in

a spherical capsule.

" Otolithic sac rather prominent, and projecting from the under surface of the

ganglion.

" ' Hypopharyngeal band,' or gill and muscular system in every respect as in

ordinary Salpw.

" The arrangement of the zooid s in this case very much resembles that in Py-

rosoma, more especially the primary circle of the latter ; but the whole economy

in other respects is Salpian. Taken in the towing-net, lat. 32. 53 S., long.

156'00 E., and subsequently in other localities."

OrtJiocoela (Salpa pinnata of Authors).

It would be quite as philosophical to include the whole of the cheilostomatous

Polyzoa under one generic term, as to group all the strikingly diversified animals

of the Salpian type as mere species of the genus Salpa. Under a similar impres-

sion, Savigny set about the establishment of seven new genera ; but their claims

as such do not seem to be generally admitted by zoologists.

With regard to the genus here under consideration, I find the following obser-

vations amongst my notes:

—

" While cruising in the S.W. Pacific, we frequently met with a Salpian

answering perfectly to the description of Salpa pinnata, though this is rather in-

definitely given by M. De Blainville ; and in our late voyage to the West Indies

in H.M.S. ' Icarus,' apparently the same species frequently made its appearance

in the towing-net, together with Salpa zonaria, and numerous other species. It

appears to me that the said S. pinnata, if I have correctly identified it, deserves

to be removed from the genus Salpa, and placed by itself, until other species are

added to it with the same generic characters. The propriety of this step, how-

ever, may be better seen when the principal features of the anatomy of the animal

have been passed in review.

" In some instances specimens attain a length of about two inches, with a
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proportionate bulk, but in general they are much smaller ; and from the delicacy

of the test, the body very readily collapses, offering a serious obstruction to the

study of their internal anatomy.

" The test may be described as semi-gelatinous, smooth, and, with the excep-

tion of a long cylindrical process, springing from the dorsal region anteriorly, it

is everywhere free from angles and projections. The body is full, and rounded

in the middle, from whence it rather suddenly tapers towards the anterior and

posterior openings, which are simple and very small, closed by numerous narrow

and encircling muscular bands.

" The muscular system is very complex, consisting of circular, diverging, and

inter-communicating bands ; four, in particular, ascend at nearly equal intervals

upon the dorsal process. The anterior pair, however, soon unite, and form a single

slip, which is connected with the others by transverse fibres.

" As well as I could make out, the lining membrane of the respiratory chamber

passes across the base of the dorsal process without entering it.

" The gill-band is simple and lengthy, communicating at the oral end with a

rudimentary epipharyngeal extension of the same structure. The ciliated stripes

are very narrow, and do not increase much in width outwardly. The curved

ciliated sac at the anterior end of the gill, and the fine ciliated line connecting

this on either side with the anterior extremity of the endostyle, were very dis-

tinctly visible in the specimens examined.

" The nervous ganglion occupies a position corresponding with the anterior

fixed end of the gill, but on the inferior aspect of the body. The auditory sac,

otolithes, and pigment, present nothing unusual.

" The endostyle is long and narrow, extending from a point above and to the

right of the heart to near the branchial opening. The mouth is situate at the

posterior extremity of the gill-band, and leads into a distinct oesophagus, which

in its turn opens into an elongated stomach, with a large csecal pouch, directed

upwards and backwards, intervening. The stomach takes a straight course

directly forwards, and gradually passes into the intestine, which is slightly

curved downwards anteriorly, where it ends in the vent, immediately below the

base of the dorsal process. A small transparent and highly refracting duct,

arising by several radicles in the vicinity of the rectum, courses backwards on

the right side of the alimentary canal, and having arched to the left over the

csecum or proventriculus, it opens into the commencement of the stomach. The

office of this system, first made known by Professor Huxley, is not even yet well

understood, though I have myself traced it through all the divisions of Tunicata,

even in the microscopic compound forms.

" The heart, compared with the size of the animal, is small, and situate near

the posterior extremity of the ' endostyle,'' on the right side of the stomach.

" On either side of the ventral surface of the body there is a narrow cylin-
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drical organ—the ' violet-line' of M. De Blainville—about half the length of the

endostyle. These may possibly be renal, but I am not aware that any definite

office has been assigned to them, though corresponding structures certainly occur

in numerous other cases also. They consist of a membraneous envelope, contain-

ing an abundance of large cellular bodies, with transparent spherical granules of

uniform size, both within and amongst the cells.

" The testis consists of a number of long tubular cseca, forming an elongated

whitish mass, lying immediately beneath the brownish-yellow stomach and in-

testine, and terminating anteriorly in a fine ejaculatory duct, which opens into

the branchial chamber a little behind the vent. The gemmiparous zooids are de-

veloped singly."

Explanation ofPlate IX. figs. 1, 2.

ig. 1. Vertical section of a single system of Botri/llus, to show its relationship to Pyrosoma.

a'. Floor of the cloacal chamber.

a. Surface of attachment.

h'. Lateral extension of the ascidiarium.

6. Border of the cloacal opening, in the formation of which the zooids themselves take part.

Fig. 2. Theoretical diagram, illustrating the morphological difference between Chondrostachys A,

as a social, and Pyrosoma B, a compound Pelagic Tunicary.

a. Summit of the axis of Chondrostachys, corresponding with the apex of the free Pyrosoma.

a'. Cloacal side of the apex of Pyrosoma, equivalent to the point of fixity of Chondrostachys.

b. Growing circumference, or border of the cloacal opening of Pyrosoma, considered as an antro-

version of the axis or ascidiarium.

The arrows indicating the orifices of ingress and egress show that there is no necessary in-

version or alteration of the relations of the zooids, either as to each other or to the

ascidiarium, in the theory of antroversion, as applied to Pyrosoma, or of retroversion as

regards Chondrostachys.
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XVII.

—

On the Zoological Characters of the Living Clio caudata, as compared with

those of Clio borealis given in Systematic Works. By John Denis Macdonald,

R.N., F.R.S., Surgeon of H.M.S. " Icarus." Communicated by Professor

Maclagan. (Plate IX. fig. 3.)

(Read 5tli January 1863.)

Great credit is due to those observers who have been enabled to give to

science both clear and comprehensive views of the anatomy of creatures which

have only been presented to them in a spirit-preserved, opaque, brittle, and con-

tracted state ; for it is certain that their penetration in this respect could not be

successfully brought into exercise without the aid of much knowledge, both

bibliographical and practical. Yet there are many whole animals, and, in par-

ticular, parts of animals, which must be seen in the living state, to be at all

comprehended by even the most brilliant mind ; and this fact has induced me
to make drawings and notes of many interesting matters connected with the

pelagic mollusca, when the living animals fell casually under my own observa-

tion. In the present communication, however, I shall confine myself to the

genus Clio.

Good figures are in general more valuable than even lengthy descriptions

;

for though it would not be very easy to make a good figure from an imperfect

description, a very excellent description may be formed from an indifierent figure.

On consulting all the figures of Clio available to me, I found most of them far

short of nature, and all quite incapable of affording a just conception of the

living and fully expanded animal ; nor, indeed, can I say that any descriptions, of

the members of the genus extant answer much more than the purpose of mere

recognition, in a popular sense.

In the widest sense of the word, the physiognomy of Clio caudata, in the

expanded state, is as remarkable as that of any animal in creation. The

head, or that enlargement in front which is separated from the body by a shght

cervical constriction, is fronted on either side by two small tentacula, one of

which has been supposed to be an eye pedicle, though there is no proof that Clio

enjoys one whit more visual faculty than any other Pteropod. Cuvier remarks,

that " some have asserted the existence of eyes ;" and subsequent writers say

that those in Clio, though minute, have a very complete organization. For my
own part, however, I cannot say that I have ever been able to detect them,

though I should be sorry, on this ground alone, to affirm that they are not pre-

sent. But the little tentacula just noticed are quite insignificant, in comparison
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with the four long, conical, and perfectly retractile arms, which spring imme-

diately in front of them. These arms are dotted over with minute rudimentary

suckers, arranged quiucuncially, and from between them arises a curious shovel-

shaped and retractile proboscis. This latter organ is broad and depressed, termi-

nating in a point anteriorly, and having, on the upper surface, a large oral opening

with a thin circular lip. The dental armature of this proboscis is, with the excep-

tion of that of Pneumodermon, the most formidable amongst moUusca. In the

middle of the floor of the mouth, and quite exposed from above, is a globular

tongue, mainly composed of two broadly oval cartilages, overlaid with a lingual

pavement of teeth, leading into a short saccule posteriorly. The median series of

plates are crescentic, with the concavity directed backwards, and armed with a

principal conical fang in the middle, and a rudimentary one on either side. The

lateral plates are numerous, and bear a simple conical tooth on the inner side,

with a small shoulder externally.

In front of the tongue, the anterior or inferior lip is furnished with a transverse

row of minute hooks, one in the centre, and an outlying one on either side, being

larger than the rest. Behind the position of the tongue, and on each side of the

oral cavity, is a shallow evertile pouch, lined with large gently curved conical

teeth, which appear to enjoy a twisting or cork-screw action while they are being

everted, so as to pierce and secure living prey when both cheek-pouches are

brought forcibly in apposition. The upper or posterior lip is wholly unarmed, so

as to admit of its expansion in receiving prey thus seized, probably torn up and

forced backwards into the gullet by this most efficient and wonderful armature.

Speaking of the lateral oval plates of Pleiirohranchcca, Siebold observes,—" To

the same category belong the spines which Eschricht found upon the pharynx

of a Clio, and described as jaws placed laterally, as in the Articulata, and fur-

nished with long sharp comb-like projections or teeth," giving a very false idea of

the organs just noticed in Clio caudata, if they are indeed the same or similar in

the northern Clio.

The description of the head, tentacula, arms, proboscis, and dentition of Clio

caudata just given, for the simple reason that it has been taken from life under

favourable circumstances, will be found to agree but little even with the recog-

nised characters of the genus, at least as they occur in systematic works. I have

observed, moreover, that without any other apparent distinguishing feature some

of the southern Clios had simple tapering tails {Clio a longue queue of the French),

while others have three prominent ridges (the dorsal one frilled) meeting in a

point posteriorly, so as to give a depressed trigonal section.

On comparing a Clio with a thecasomatous pteropod, Hyaloea for example,

the mouth and dental system in the former case will be seen to occupy the most

advanced position, while in the latter they have receded so far within the limits

of the foot as to give the animal an acephalous, appearance, and this view
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alone warrants the whole of the Pteropoda to be included under the term Cepha-

lophora.

The ease with which naturalists interchange names without any conciliatory

explanation, is certainly a great stumbling-block to the beginner. Thus, if he

were to fall in with Clio caudata, as I have done, and immediately consult all

the authorities within his reach, in some modern work he may find a figure of the

creature he is in quest of, though denominated Clio australis, but on still further

inquiry as to the authorship of that figure, he discovers that it is a lineal de-

scendant of a figure of Clio a longue queue, given in the " Voyage de la Bonite."

Now, on comparing this with De Blainville's figure of Clio australis, he may
probably perceive even generic differences between them ; but, continuing his

search, he looks over one or two other modern books, and one can scarcely say

whether his mind is settled, or his confusion is made still greater, to encounter

stereotype repetitions of the figure of the said Clio australis of De Blainville

boldly named Clio horealis.

If there is indeed such an animal as Clio australis, and M. De Blainville's

figure is a correct representation of it, it is obvious enough that the species

horealis and australis are members of the same genus ; but as both differ so re-

markably from the so-called C. caudata, and the broad trigonal-tailed species, of

which I have given a short notice and figure, it strikes me that there are ample

grounds for the establishment of a new genus, to receive, at least, the two last-

mentioned species, while at the same time it will become apparent how little the

nature of the respiratory system can be depended upon for generic characters,

though it may be of great specific value.

Not desiring to add unnecessary names to a list already large, I merely sub-

mit the views above expressed to the consideration of zoologists, who may form

their own judgment on the matter. The more important characters are simply

as follows :

—

Tentacula, two, minute, on either side of the head anteriorly; Cephalic arms.

four, perfectly retractile, long, and conical, with sucker points still more rudi-

I

mentary than those in Clio ; Proboscis exsertile, broad, depressed, and pointed

in front ; Oi'al aperture, superior, oval, with minute lower lip uncini ; Cheek

pouches shallow, but evertile, and furnished with curved conical teeth ; Lingual

pavement broad, with a median series.

Setting the above characters aside, however, the original object of the paper

i has been to show the great importance of the study of all soft, collapsible, and

contractile animals in the living and expanded state ; for I am much of opinion.

' that the Northern Clio, examined in this way, will be found to present very similar

characters, or such as could not be arrived at by the most patient dissection of

spirit-preserved specimens.
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Explanation of Plate IX. fig. 3.

1. Clio caudata, &c.

2. The second species alluded to in the text.

Both are about the natural size ; and

the appearance presented by a trans-

verse section, near the caudal ex-

tremity, is given immediately below

each figure.

3. Enlarged figure of the head, proboscis,

and cephalic arms of Clio caudata in

the expanded state.

a. Proboscis, &c.

b. Its pointed extremity.

c. Oral cavity.

d. Anterior or lower lip, armed with teeth.

d'. Do., magnified.

e. Tongue with lingual pavement.

e'. Portion of the lingual dentition magnified.

/. Lateral or cheek pouches, with their

curved conical teeth.

/'. Do., magnified.

gg. The four cephalic arms, with their minute

suckers.

g'. One of the suckers magnified: 1. lateral

view ; 2. in face.

h. The four minute tentacula, of which the

posterior pair is regarded as eye pe-

dicles.

i. Head.

k. Swimming fins.

I. Auditory sac, with otoconia.
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XVIII.

—

Notes on the Anatomy of the Genus Firola. By John Denis Macdonald,

R.N., F.R.S., Surgeon of H.M.S, " Icarus." Communicated by Professor

Maclagan. (Plate IX. fig. 4.)

(Read 5th January 1863.)

In a successful haul of the towing net, off the Island of Sardinia, I obtained a

very beautiful Firola, which gave me a good opportunity of testing the truth of

my former conclusions with regard to the economy of the Heteropoda in general,

and of Firola in particular ; and I have great pleasure in submitting the facts

arrived at, with the accompanying enlarged figure of the visceral nucleus and

the neighbouring parts, to the Royal Society of Edinburgh, as an appendix to

my paper " On the Anatomy and Classification of the Heteropoda," already

brought under its consideration.*

I find that the relationship between Firola and Firoloides is even closer than

I had originally imagined, and with the exception of the presence of gills in the

former genus, nearly every anatomical point occurring in one may be distinctly

traced out in the other, only differing in relative characters.

To avoid unnecessary repetition, I shall simply explain the accompanying

figure, and enlarge in passing upon any matters of importance that may suggest

themselves.

Explanation of Plate IX. fig. 4.
a. Integument.

6. Muscular sheath.

c. Visceral nucleus, including the stomach, intestines, liver, testis, &c.

d. Vesicula seminalis. All these organs are invested by an oval capsule, with its long diameter

directed obliquely downwards and forwards, having the stomach at the lower end, and

the trumpet-like vent above, and in front, lying in relation to the Sinus-system, the heart,

great vessel, and oesophagus.

e. Seminal opening.

/. Intestine.

g. Anal orifice, plicated internally, and richly ciliated.

h. Gills, with their zig-zag folds, giving the organs a pinnate appearance, which is often in-

correctly given in figures of the Heteropoda.

i. Ciliated fossa fronting the gills, the cilia disposed in a circular band, and undulating in

the direction of the arrows.

k. Sinus-system, communicating directly with the auTicle of the heart ^n), and everywhere

intersected with muscular bundles and fibres.

/. Circular opening, leading into what I have been induced to regard as an inverted mantle-

cavity, whose walls are much lobulated and highly contractile, so that the sea-water

is ejected through the opening which is guarded by a sphincter. A vis e fronte effect

* Trans. Eoy. Soc. Ed., vol. xxiii. p. 1.
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would appear to be exerted on the blood entering the sinus-system ; for during the contrac-

tion of the muscular fibres of the latter, and the systole of the auricle, diastole of the

mantle-chamber is taking place. A great deal has been said about vital expansion in

human physiology, but the instance just given is one in which the expansion of one

chamber is facilitated by the contraction of another, having no internal communication

with it ; and this I believe to be the office of the remarkable organ in question, as an

appendix to the auricle, which communicates so freely with the sinus-system.

m. Auricle of the heart, or rather its proper position ; for its limits do not appear to be accu-

rately defined.

n. Ventricle, with its closely interlaced muscular substance.

0. Principal vessel,

p. (Esophagus.

q. Stomach.

1. Long nerve-trunk, extending from the pedal ganglion to No. 2.

2. A small nodule of neurine, which, as I imagine, is chiefly respiratory, though it also sends

filaments to the great vessel and oesophagus.

3. A stout commissural-nerve, connecting No. 2 with

4. The cardiac and visceral ganglion.

5. A conspicuous nerve, supplying the sphincter and radiating muscular fibres of the mantle

opening, arising, as in Firoloides, from the ganglion No. 4.

6. A large commissural-nerve, passing from No. 2 to

7. A lai-ge saucer-shaped ganglion, lying immediately below the ciliated fossa (t). I can now

safely say, that a body corresponding to this, though much smaller in Firoloides, is truly

nei'vous ; but I cannot hazard any theoiy as to its office, though it is obviously in some

way connected with that of the ciliated fossa,—probably with respiration.

In my former paper, I stated my reasons for believing that the sexes are

separate in the Heteropoda, and I am sure that this point will require no further

proof, though, as far as the sanction of authority is concerned, the more general

conviction even now is, that the sexes are combined. The uncertainty existing

on the subject amongst zoologists, cannot be better represented than by the follow-

ing quotation, verbatim, of Note 9, p. 264, Dr Burnett's translation of Siebold's

" Anatomy of the Invertebrata" :

—

" The penis is double, and at the right side of the base of the visceral sac,

with Carinaria and Pterotradiea (Milne-Edwaeds, Ann. d. Sc. Nat., xiii. 1840.

p. 195 ; xviii. p. 323, PI. x., fig. 3). Quoy and Gaimard (Voy. de 1'Astrolabe,

Mollusq., PI. xxviii. fig. 10 ; or Isis, 1834, Taf iii. fig. 10), have figured a

long bifid penis, with Pliyllirrlioe, mnhoiTiensis ; and so, if with the other Hetero-

poda, the penis is not retractile, as appears to be the case with Carinaria, accord-

ing to Milne-Edwards this species would be a male ; while Phyllirrho'e bucepltahis,

figured by Peron (Ann. du Museum, xv., fig. 1 ; or Kosse, De Pteropodum

ordine. Diss. fig. 1), apparently without a penis, would be a female, although D'Or-

BiGNY (Voy . dans I'Amer. Mer. ; or Isis, 1839, p. 519), regards this genus as

hermaphrodite. With Atlanta, there is a simple, pointed penis on the right side
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of the neck, directly near the arms ; but as Rang (Mem., loc. cit., p. 878, PI. ix.

:

or Isis, 1832, Taf. vii.) has found this penis with all the individuals he has

examined, it may be questioned if the sexes are really separate with this

Heteropod.

" The internal genital organs of Atlanta and Phpllin'hoe, should be thoroughly

studied for the elucidation of this point."

There are a good many references made in this note, but no satisfactory infor-

mation is derived from any of them. The paucity of female Atlanta?, as indicated

by M. Rang having only encountered the males, is perhaps the most interesting

point. This was for a long time my own experience also, but on several occasions

I have been fortunate enough to obtain indisputable females.

Though the position of PhylUrrho'e amongst the Nudibranchs and not with the

Heteropods, has been long recognised by zoologists, I may make the following

remarks in passing, to clear up a desideratum in the note. First of all, the bifid

penis of this mollusc is perfectly retractile, and its testicular follicles are included

within the saccule of the ovaria, so as to form perfect hermaphrodite glands. The

primary vas deferens and oviduct are blended together ; and subsequently to the

formation of stout fusiform spermatheca, the common tube divides into outer ovi-

duct and outer vas deferens, the one passing into a wide glandular uterus, and the

other into one of the limbs of the intromittent organ. The bisexual nature of the

animal was known to Cuvier, though he could not have given this interpretation

of it.

Having examined some hundreds of recent Heteropoda, particularly the species

oi Atlanta, it struck me as being very odd, that I had never in a single instance

succeeded in tracing a vas deferens onwards to the external male organ. This finally

led me to believe that the penis was imperforate, and as in Onchidium, Aplysia,

Melo, and numerous other Gasteropoda, far in advance of the spermatic opening,

both being held in communication by a ciliated groove, more or less capable of

being converted into a canal. Of the truth of this doctrine, 1 am now fully con-

vinced, for the outlet of the spermatic duct, as given in the figure, and which is

even quite prominent in Firoloides, is so palpable as to admit of no question ; and

on closely examining the duplex penis, I find by the simple test of focussing,

that the so-called perforation and internal canal are nothing more than an

external, deeply-grooved, and ciliated tract, the office of which is obvious enough.
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XIX.

—

On the Structure and Optical Phenomena of Ancient Decomposed Glass.

. By Sir David Brewsteb, K.H., D.C.L., F.R.S., &c. (Plates X., XI.)

(Read 5th January 1863.)

The disintegration of solid bodies by means of active or feeble solvents, or by

those invisible processes which go on during long periods of time, has, so far as I

know, been studied neither by the chemist nor the natural philosopher. In 1837

I submitted to this Society a paper " On the Optical Figures produced by the

Disintegrated Surfaces of Crystals,"* containing experiments which I believe have

not been repeated, and results which no person has attempted to explain.-j-

Since that paper was published, my attention was called to the structure and

properties of decomposed glass, in consequence of having had occasion to study

the action of its coloured films, in absorbing definite parts of the spectrum. The

specimens, however, which I received for this purpose from the late Marquis

of Northampton, Mrs Buckland, and Mr Children, and referred to in my
" Experiments on the Connection between the Phenomena of the Absorption of

Light and the Colours of Thin Plates," | did not enable me to investigate the con-

dition of the elementary films, and the process by which the various states of the

glass were produced ; but having received, while in Rome in 1857, very fine speci-

mens from the museum of the Marquis of Campana, and more recently other speci-

mens from Nineveh, from Mr Layard, I have been able to obtain the results con-

tained in the following paper, and represented in the drawings which accompany it.

The decomposition of glass in its early stages is finely seen in the brilliant

colours which cover its surface. These colours are those of thin plates, and tints

of the third and fourth orders in Newton's scale are produced in the course of

thirty or forty years on the inner surfaces of panes of glass in stable windows.

The elementary films which display these colours are not in optical contact with

the glass beneath them, though they adhere to it very firmly. They may be

removed by the point of a knife ; and in this state the powder is white by reflected

light, and semitransparent when surrounded with water.

* Edin. Trans., vol. xiv. p. 164.

f Since this paper was written, I have received from Professor Von Kobell, of the University

of Munich, a very interesting paper, entitled " Ueber Asterismus und die Brevusterschen Licht-

figuren," in which he gives an account of my experiments, and adds many new and important ones

of his own, illustrated with three plates. It is published in the Sitzungsberichte der Koniglichen

Baierischen Akademie der Wissenschaften: Sitzung der Math.-Phys. classe, 8 Feb. 1862. A very

full and excellent abstract of this Paper appeared in the Parthenon of 6th Sept. 1862.

I Phil. Trans., 1837, p. 245.
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Even when the glass has been exposed only to the air of the atmosphere,

these coloured films are produced sometimes in twenty or thirty years on the

surface of glass, whether formed by fusion or by artificial grinding and polishing.

But as other surfaces of glass, similarly exposed, and of a much greater age, show

no marks of decomposition, it seems evident that the rate of decomposition must

depend upon the composition of the glass, and probably on the temperature at

which its elements have been combined.

A very remarka])le case of rapid decomposition presented itself to me in a

fine plate-glass prism, made for Mr Talbot by Fraunhofer at Munich, and

presented to me by that distinguished philosopher. On the 23d March 1833 I

made accurate drawings of its three faces, on each of which there was a circular

spot, in which the decomposition showed itself in three rings or orders of the

colours of thin plates. In one of these spots, half of which is cut off" by the edge

of the prism, the colours in 1833 were three orders, the innermost being a

yellowish-green of the third order. This spot is about a quarter of an inch in

diameter. Another spot about the same size is perfectly circular, the outermost

ring being the white of the^r^^ order, rising in the centre to imrplish-blue of the

second order. The third spot, about the 16th of an inch in diameter, is perfectly

circular, the innermost tint being a red of the second order. These colours, which

are very difficult to be seen, are those observed at the polarising angle of the

glass, when the reflected light is nearly extinguished by an analysing prism.

Upon examining these decompositions after an interval of thirty years, I can-

not observe any change in the rings and colours. They seem to be fainter than

before, and, what is very remarkable, two long irregular streaks of decomposition,

one an inch long, and the other nearly two inches, have entirely disappeared.

In the shortest of these lines of decomposition, the tints of some parts rose from

blue to yellow in the longest, and in a very small circular spot the tint was

only blue.

The pause in the process of decomposition in the three circular spots, and the

disappearance of the long streaks, is very remarkable,—and the more so, as they

must all have been formed during a period certainly not greater, but probably

very much less, than twenty years. Is it not possible that the particles which

have separated from the glass by the action of the decomposing cause, and

ceased to be in optical contact with it, may have returned into optical contact

when the decomposing cause no longer existed, as might have been the case

with the prism if kept, as it has been, in dry air since 1833 ? That this is not

an unreasonable supposition, may be inferred from an experiment published in

1816, in which one of the surfaces of a fissure made artificially in a thick plate

of glass was so much separated from optical contact with the other surface, as

to reflect totally light incident upon it at a certain angle. " After standing

an hour the fissure began to disappear, and in the course of a day it was as
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completely closed as if it had never been made,"* the surfaces having returned

into optical contact.

When we examine the surface of decomposed glass, either before or after

the removal of the film, we find it composed of an infinite number of cavities, in

the middle of each of which the decomposition has begun. At this point a

particle of glass, of a certain size, has detached itself, and a film is formed by the

aggregation of other particles of the same size. This decomposition extends itself

in all directions, but more quickly downwards beneath the first particle that was

detached. The consequence of this is the formation of a cavity or cup, which would

be part of a hollow sphere if the centres of decomposition were at great distances

and few in number. In general, however, these centres are innumerable, cover-

ing the whole surface of the glass. From this cause, the decomposition round

any one centre meets the decomposition round other centres, and the form of the

cavity is an irregular polygon, the shape of which depends upon the distances of

the centres of decomposition. The lines in which the decompositions meet one

another resemble the meshes of a net, or the lines which separate the small films

OT partitions that confine between them small quantities of gas, forming the froth

of champagne, beer, and other liquids.

When the cavities of decomposition are very numerous and equally diffused,

they are often so minute as to be invisible, and their existence is shown by

different degrees of roughness, as if the surfaces of the film had been ground, and

sometimes by producing halos or rings round the flame of a candle.

In several specimens the surfaces of the films are perfectly specular, showing

that particles of the same size have been uniformly detached from the original

surface, and that the decomposition has not taken place around and beneath dif-

ferent centres.

When we consider the different states of fusion and cooling to which glass is

exposed, whether it is formed by flashing, or blowing, or moulding, it is evident

that the processes of decomposition must take place in spots or in lines where the

elements of the glass have been less perfectly combined, or where the cohesive

forces are more feeble.

In many films, where the decomposition has been pretty uniform, there are

I often numerous centres distant from each other, where very deep cavities have

1
been formed. These cavities are perfectly circular, as in Plate X. fig. 1, and

Plate XI. figs. 6, 7, 8, &c., and have different diameters and different degrees

of depth. In other films these circular cavities are crowded together so closely as

to occupy the whole of its surface, as in Plate XI. figs. 11 and 13.

In many specimens the centres of decomposition lie in straight lines, and

near each other, as shown in Plate X. fig. 5. One cavity thus encroaches upon

* Phil. Trans., 1816, p. 73.
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another, and a long groove is excavated, the bottom of which is formed of spherical

cavities of different depths and breadths, depending on the distances of the centres

of decomposition, and the rapidity with which the decompositions have taken place.

The form of the grooves is thus very irregular, being wide at one place and naiTow

at another, and occasionally not rectilineal. When the centres of decomposition

are very near each other and equidistant, the grooves are very narrow and

shallow, and form straight lines of uniform breadth.

These grooves or lines of cavities lie in different directions, frequently crossing

one another at various angles. In some specimens they are perfectly parallel, and

are often not more than the 500th or 1000th of an inch in breadth, having the

appearance of lines of uniform thickness.

When the cavities are of considerable size, and nearly or perfectly spherical,

they sometimes present remarkable phenomena. Round one or more points of

the spherical films or cavities, a fresh decomposition has taken place, and formed

smaller spherical cavities, sometimes almost touching one another, as in Plate X.

fig. 4, and Plate XI. fig. 6 ; and occasionally so numerous, that I have found from

fifteen to twenty formed upon the same cavity. In some cases the decomposition

has produced shallow cavities, which, from interfering with one another, have

become polygonal. In some specimens this secondary decomposition has taken

place at such a great number of points, that the infinitely small cavities which it

has formed appear like specks of black powder, making the cavity more or less

opaque, according to the distance of the specks, or the number of films of which

the cavity is composed.

When the cavities do not interfere with one another, they are occasionally

ellipsoidal, and egg-shaped, though formed from one centre of decomposition.

Specimens of these structures are given in Plate X. fig. 3, and Plate XL figs.

7 and 12, seen by ordinary transmitted light. In Plate X. fig. 5, are shown

circular cavities, and cavities in lines of uniform and variable breadth. The com-

pound film consists of many elementary films, but only three or four are shown

in the figures, as they alone are visible in the specimen. If we remove with a

lancet those films in succession, we shall find that each film contains all the cavities

existing in the compound one,—the spherical or polygonal cavity, whether deep

or shallow, being joined to, or forming part of the film. When examined on

one side all the cavities are convex, as shown in Plate XI. fig. II; and when

examined on the other they are concave, as shown in Plate XI. fig. 13.

In comparing this structure of the films with the process of decomposition

shown in Plate X. fig. 1, it is not easy to understand how the concave or convex

parts of the film are united to and form part of the general film. The process of

decomposition having begun at one point, where the cohesion of the particles is the

feeblest, it advances, forming round that point a number of spherical films, before

the decomposition has commenced on the surrounding glass. When the surface
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of the glass begins, or is ready to decompose, the spherical film then forming will

extend itself over the glass, and form part of the general film. If the decompo-

sition has begun at different times round different centres, and proceeded with

different velocities, the spherical film in every cavity, whether deep or shallow,

will extend itself over the general surface. If this is a correct account of the pro-

cess, then we ought to find in every cavity a central portion having no connection

with the general film, because formed previous to the decomposition of the general

surface. When we remove the outer crust from the decomposed glass, we find

this to be the case. The central portions are removed with the outer crust ; and in

some cases I have found the cavities filled with that portion, in consequence of no

decomposition having taken place on the general surface.

It is difficult to comprehend the nature of the molecular forces under which

these singular decompositions assume peculiar forms. There is no difficulty in

understanding how, in a homogeneous surface of glass, decomposition round a

centre should excavate a perfectly spherical cavity, and how its ultimate form

should be changed into that of irregular polygons, by the interference of decom-

positions advancing from surrounding centres ; but it is a singular circumstance

that the glass should be in any one place in such a state of molecular incohesion,

that the decomposition should follow a law which produces a perfectly ellipsoidal

cavity. Nor does it seem less remarkable that after a cavity, either spherical or

ellipsoidal, or irregularly polygonal, has been formed, spherical cavities should be

formed on different parts of the films which compose them.

The preceding observations have been made on films of glass from Nineveh

and Rome, after the opaque or outer films had been removed. Each film, there-

fore, has on one side all its cavities concave, and on the other side all of them

convex, like a bundle of watch-glasses. Each film consists of many films, which

can be separated by the thin blade of a knife or lancet, adjacent films differing

from one another only in their thickness and colour. The films, though adhering

with some force, are not in optical contact, as they freely admit water, and other

fluids between them, and display the fringes of thin plates produced by the dif-

ferent thicknesses of the interposed films of air.

The mode in which the decomposition proceeds round different centres is

shown in Plate X. fig. 1, taken from a specimen of glass from Nineveh. The

same structure is less perfectly seen in fig. 2, taken from glass found also at

Nineveh. When the glass has lain on damp earth, the decomposition has taken place

very irregularly round separate centres. It consists of two thick crusts of opaque

vitreous matter, enclosing a plate more or less thick of pure glass, with deep ex-

cavated cavities on both of its surfaces. A specimen of this kind breaks by the

pressure of the finger like the slice of an apple. In a finely-shaped glass bottle

found near Cheltenham, and presented to me by Mr Sydney Dobell, a thick grey

crust of iridescent films, of uniform thickness, covers the whole of its surface, and
VOL. XXIII. PART II. 3 I
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gives it the appearance of granite. The iridescence of the films is, however, dis-

tinctly seen ; and when the crust is removed the transparent green glass appears,

with its excavated surface.

The decomposition of glass goes on rapidly in water. In a wine bottle brought

up from the wreck of the " Royal George," very considerable films were formed

on its surface. Bottles of the form called " magnums," which were found in the

Cherwell, near Oxford, by Mr R. Thomas, were encrusted with films of consider-

able thickness. From one of these Mr Thomas detached a circularly-shaped film

about half-an-inch in diameter, which had a spiral crack proceeding from its

centre, and having eight or nine circumvolutions. This film, which was one of

unusual thickness, was a single one, as is shown by its producing none of the

colours of thin plates at any inclination, and by its action on common and polar-

ised light. Though perfectly transparent, its surface is not specular, but mottled

with the colours of striated surfaces, the points of decomposition by which they

were produced being visible by high magnifying powers.

From the facts I have mentioned, it is evident that the decomposition of glass

is accelerated when it is exposed to the action of acids and alkalies in damp
localities, and particularly to the ammonia so abundant in stables.

M. Brame, of Paris, having seen a notice of the decomposed glass from Nineveh,

which I had read at the British Association some years before, was led to submit

thick plates of glass to the action of powerful solvents. In a short time circles

were produced analogous to those which I had observed in the Nineveh specimens.

" I have produced," he says, " upon glass, circles regular and irregular, insulated

or concentric, notched in the interior (crystals incomplete or altered). To do this

we must immerse fragments of thick glass into a mixture of fluoride of calcium

and concentrated sulphuric acid, or expose them to the action of the vapour of

fluorhydric acid. In the centre of the circles we find almost always either a

small cavity, or a small nucleus. At the same time one or more fractures of

the glass are covered with striae and small anfractuosities, &c.

"The observations of M. Brewster and mine seem fitted to throw much li^ht

on the formation of siliceous spheres (orbicules) in sandstone and agates, which are

the subject of a fine investigation by Alex'"', Brongniart ; and on the other

hand, this inquiry seems to connect itself directly, like that of the circles of glass

themselves, with the encyclical formations which I have discovered."*

The colours exhibited by films of decomposed glass, when examined in ordi-

nary light, are of the most brilliant description. There is no colour in the world

of flowers which is not found, in all its beauty, in the light transmitted by these

films ; while in the light reflected from them the tints are equally varied, and of

a metallic lustre. As each film is composed of many separate films, the colours

* Sur la structure des corps solides, par M. Ch. Brame (Lettre a M. Babinet). Comptes Rendus,

8fc., Nov. 1853, torn. xxxv. pp. 666, 667.
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of the two pencils are those of thin plates, and, as might have been expected, are

complementary. Each of the separate films has a colour of its own depending on

its thickness ; and when they are numerous, the resulting tint is of a very compo-

site character.* The transmitted tints are brightest when the light is incident

perpendicularly. They vary at oblique incidences, and disappear wholly when

the plate is considerably inclined. Although the elementary films adhere with

such force that it is difficult to separate them , they are not, as I have already

stated, in optical contact. The plate of air which lies between them exhibits in a

very beautiful manner numerous fringes depending on its thickness, as shown in

Plate XI. fig. 12. When we apply a drop of water, or alcohol, or oil, to one of the

compound films, the fluid advances irregularly between the elementary films, form-

ing a prismatic line of various colours as it proceeds. When the film has been per-

meated by the fluid, its colours entirely disappear. When the water or the

alcohol is evaporated by the application of heat, or dry air at one edge of the

wetted film, the colours reappear, and the moving prismatic line separates the dry

from the wet portion of the film. The origin of the prismatic fringe is easily ex-

plained. If the fluid enters or quits the space between two of the films more

quickly than it does between other two, the colour at that place must differ from

that of the compound film. The line of the advancing or retiring fluid must

therefore consist of several colours depending on the number of elementary films,

whose actions are not affected by the fluid.

The following are the colours of the prismatic line, or the succession of changes

from the colourless transparency produced by the complete absorption of the

alcohol to the original tint of the film :

—

Original Tint. Succession of Changes, &c.

Red. Pale green, green, blue, pink, dark red.

Rich orange red. Pale blue, blue, pink, pink nearly opaque.

Yellowish orange. Greenish, bluish, pink, orange red, deep orange red, paler orange red.

Bright yellow. Pale pink, bright pink, orange yellow, orange, orange yellow.

Yellowish gi-een. Pale yellow, dirty yellow, deep green.

Pale bluish green. Bright green, growing paler and paler.

Deep blue. Dirty yellow, dirty green, blue, bluish green, blue.

Colourless. Pale green, brighter green, pale green.

If we use Canada Balsam, or Balsam of Capivi, we sometimes see two waves

or prismatic lines, the absorption of the fluid taking place more rapidly between

one portion of the elementary films than it does between another portion of the

same films. If we use so little balsam that it advances only through half the

length of the film, we have the half (A) colourless, and the other half (B) of its ori-

ginal brilliant colour ; and if the balsam indurates, the wave of colour which sepa-

rates the two portions will be permanent. If we drive out some of the balsam

from (A) by alcohol, it is curious to see under the microscope the particles of the

* See Phil. Trans., 1837, p. 249.
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balsam rushing out in consequence of being displaced by the alcohol. If we allow

part of the balsam to remain in (A), its colour will reappear, and be brighter and

deeper than that of (B), or its own original colour.

When the surface of any film is specular, or slightly roughened by innumer-

able cavities, which the microscope is required to discover, or when it is covered

with flat polygonal cavities, which rise or sink but slightly beneath the general

level, and which are separated by a reticulated structure, namely, the outlines of

the polygon, the colour of the plate is uniform, or of one tint ; but when the

cavities are deep, and especially when they are not very numerous, their colour is

not the same as that of the rest of the film. When of the same colour, it is some-

times less and sometimes more intense. In many specimens the deep cavities

have a different colour from the rest of the film, as in Plate X. fig. 4, and Plate

XI. figs. 6, 7, and 8, the middle or apex of the cavity having often a paler ring

round it. Sometimes one side of the cavity has a different colour from the rest

of it, which may arise either from its elementary films being more inclined to

the incident light, or more numerous.

In a few specimens where the colour is uniform, and consequently the thick-

ness of the film equal, I have observed bands of a different colour, which it is dif-

ficult to explain, as the microscope does not show any structure connected with

the bands. In some specimens the film is crossed with differently coloured bands

and lines extremely narrow and fine, but as they are bounded by sharp edges,

they must arise from parallel veins existing in the glass previous to its decompo-

sition. Other films exhibit differently coloured bands, which arise from lines of

minute cavities, which, as we shall see, is proved by their action upon polarised

light.

In a paper " On the Action of Uncrystallised Films upon Common and Polarised

Light,"* I have described the phenomena exhibited by transparent films of

decomposed glass, when exposed to these two kinds of light. In polarised light

the deep cavities in colourless plates, whether polygonal, spherical, or oval,

exhibit distinctly, though with different degrees of brightness, the black cross,

with the four luminous sectors of the system of rings seen along the axis of uni-

axial crystals. The tints in these sectors never rise above the white of the first

order.

When the films are coloured, the luminous sectors have frequently the same

colour as the film, but in many cases they are different. In a film orange red by

common transmitted light, the colour of the luminous sectors shown in polarised

light is Uue. In another, blue in common light, the luminous sectors are red, as in

Plate X. fig. 4. In a third, with green in the centre of the cavities and i^ed round

the margin of the cavity in common light, the colour of the luminous sectors is pale

red. In many other specimens the rings, or circular bands, in cavities traversed

* Edinburgh Transactions, vol. xxii. p. 607-

I
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by the black- cross, are very remarkable. The following are some of the most in-

teresting cases which I have observed :

—

1

.

The colour of the sectors is brownish near the intersection of the black

cross; then come two green bands or rings separated by a broad black band.

2. White near the intersection, then a black band, and then a reddish yellow

one.

3. The order of the bands from the centre or intersection of the black cross is

as follows: green, darkish line, yellow, black, brownish, and the outer band a

bright pure white.

4. At the centre brownish red, then white, green, white, black, reddish, black,

faint light, black, brownish white.

5. Olive green at the centre, a double red band, olive green, a broader red

band, then alternations of red, green, and white, the outermost band being a

bright white.

These white, dark, and coloured bands, are obviously produced by the inter-

ference of pencils that have suffered one or more reflexions with the pencils

transmitted by the polarising films.

6. In a remarkable specimen, from which I was able to detach many films,

the centre of the figure, or intersection of the black cross, was pale-white, par-

taking of the colour of the film. This was followed by distinct dark lines, indi-

cating the place where we begin to see through the edges of the hollow spheri-

cal surfaces. Beyond this line there were innumerable narrow rings, often of

brightly coloured light. This will be understood by examining Plate X. fig. 1,

and supposing that the centres of the decomposed cavities have been removed.

Through this central part there will be seen only the black cross.

In various specimens of decomposed glass we find films which exhibit in

polarised light a number of bright and coloured lines often parallel to one

another, and so very small that they require a considerable magnifying power

to see them. They are shown, when large, in Plate X. fig. 5, where they

obviously are produced by a great number of cavities lying in a straight line.

Each cavity produces four luminous sectors, and as the middle of the cavity is

occupied with the black cross, the luminous edges of two opposite sectors form

the bright lines of polarised light. Upon turning the film round, these lines dis-

appear when they are in the plane of primitive polarisation, and have their

brightness a maximum when they are inclined 45° to that plane. When the

luminous lines are thus formed, we may generally satisfy ourselves by using high

magnifying powers, that they are produced by the edges of cavities ; but I have

observed bright lines and bands which must have a different origin, and which

I have no doubt arise from a structure existing in the glass previous to its

decomposition.

In many of the fragments of ancient glass that have obviously been formed

VOL. XXIII. PART II. 3 K



204 SIR DAVID BREWSTER ON ANCIENT DECOMPOSED GLASS.

exhibited, had there been no small cavities in it, is not shown even in the imperfect state

in which it exists, owing to its eclipse by the smaller cavities.

Fig. 5. Is a film seen by polarised light, and exhibiting the cavities arranged in lines, as described

in p. 193. The drawing of this film as seen in common light, was accidentally omitted

by the artist. It had the same colour as fig. 12.

Fg. 6. Shows the right-hand part of fig. 4 in polarised light. (See fig. 4.)

Fig. 7- Is another specimen as shown by polarised light, having an elliptical cavity exhibiting a

difiused black cross.

Fig. 8. Show groups of crystals of silex formed between the films, in transmitted light.

Figs. 9 and 10 show the same magnified. There are numerous examples of the leaf-like branches

shown in fig. 9, and still more numerous examples of the silex occurring in circular

crystals of singular beauty and various forms. (See p. 194.)

Fig. 11. Shows a film as seen by reflected light, the convex sides of the cavities being towards the eye.

(See p. 188.)

Fig. 12. Shows, very imperfectly, in the faint blue lines, the fi*inges produced by the different thick-

nesses of the plate or plates of air between the films of glass. See p. 191.

Fig. 13. Shows a film as seen by reflected light, the concave sides of the cavities being towards the

eye. (See p. 188.)

It is often difficult to determine whether the convex or the concave sides of the cavities are

towards the eye, when they are seen by reflected light ; but the image of the flame of a candle in the

inverting microscope is always on the 7-ight hand of the cavity when its concave side is towards the

eye, and vice versa.

N.B.—I have used the word cavity to denote each spherical group of films, like a number of

watch-glasses placed within one another, the concave side or cavity being supposed to be towards

the eye—the optical phenomena seen by transmitted light, whether common or polarised, being the

same when the convex sides are towards the eye.
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XX.

—

On the Polarisation of Light by Rough and White Surfaces. By Sir David

Brewster, K.H., D.C.L., F.R.S.

(Read 2d March 1863.)

The laws of the polarisation of light when reflected from the surfaces of solids

and fluids, and when refracted and transmitted by translucent and transparent

bodies, have been successfully investigated ; but no experiments^ I believe, have

been made on the polarisation of light by rough or unpolished surfaces, such as

ground glass, painted surfaces, pounded glass, snow, white powders, and solids

and fluids reflecting white light from their interior. When studying the polarisa-

tion of the atmosphere, and anxious to discover the cause of its partial polarisa-

tion, and of the three neutral points or spots, in which there is no polarisation,

I investigated the action of rough surfaces upon light, under the conviction that

the sky or atmosphere was a rough surface like any aggregation of white or

coloured particles. Had the atmosphere been specular like water or any body

with a polished surface, the image of the sun would have been seen in it by

reflexion, but being composed of aerial and aqueous molecules, it must reflect

the sun's rays like pounded glass, or any white or coloured powders.

The results of this inquiry, which I now submit to the Society, are such as I

anticipated, and afford an explanation not only of the partial polarisation pro-

duced by the atmosphere, but of each of the three neutral points, which, it will

be shown, can be produced artificially by the combination of rays polarised by the

reflexion and refraction of any rough or molecular surface.

The experiments by which these results were obtained were made chiefly

with rectangular plates of glass, 9 inches by 7, of various degrees of roughness,

some with only one side, and others with both sides rough. These plates, some

of w^hich are now on the table, were made at the Smethwick Glass Works, near

Birmingham, and were kindly presented to me by Messrs Chance and Brothers,

the proprietors of that great establishment.

The angle of complete polarisation for light reflected from the polished surface

of this glass is about 56^°, and the polarisation is a maximum at this angle,

diminishing on one side to 0° of incidence, and on the other to 90°. When the

light thus polarised is examined by the band polariscope, the bands are nowhere

interrupted, and therefore there can be no neutral point, the polarisation of the

bands being everywhere positive or vertical.

VOL. XXin. PART II. 3 L
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In order to observe the effect of a single rough surface, such as that of glass

ground with the finest emery, I blackened with melted wax the polished surface

of a plate which was ground only on one side, in order to prevent the light scat-

tered by the ground surface from being reflected at the second surface. When
this single rough surface reflected the light of a gas flame, it polarised it almost

completely at nearly the polarising angle of 56^°, and there is no interruption or

neutral point in the bands of the polariscope. The Rotation, therefore, or measure
of polarisation, is nearly 45''.

If this single rough surface is placed at an open window when the sun is not

shining, and reflects the light of the sky or clouds, the light is only partially

polarised, and the degree of polarisation R is only 19'. In the open air it is much
less. Within the room the polarisation increases as the glass recedes from the

window. In the open air it is a maximum when the plane of reflexion passes

through the sun and the observer. The rotation is then 15°, and it diminishes

with the distance of the plane of reflexion from the plane passing through the sun

and the observer,*

When the second or polished surface is not blackened, it reflects the light

scattered by the ground surface, and the maximum polarisation of the rough

surface is greatly diminished. The rotation is 16° with a gas burner very near,

and 20° when the flame is still nearer. The polarisation is diminished by holding

a lighted candle on one side of the plane of reflexion.

With a similar plate having a rougher surface, the degree of the polarisation

of the sun's rays directly reflected was Wh° close to a south window. Before noon

the angle of maximum polarisation was 44°, and

at noon, with a brighter sun, it was 40°.

When the whole light of the sky fell upon the

rough surface MN, the rotation was 21°. When
AB was covered up the rotation was diminished,

and when CD M'as covered up the rotation was

increased.

When both the surfaces of the plate of glass are rough, the polarisation is a

maximum, at an angle greater than the normal polarising angle, or 56|°, and the

degree of polarisation is about 20°.

In making similar experiments with ivory, bone, porcelain, white or coloured

surfaces painted in oil, paper, parchment, silk, linen, and cotton cloths, milk, flour,

and other white powders, &c., I found that the polarisation was partial in all of

them, the normal or complete polarisation being reduced by its combination with

the oppositely polarised rays produced by refraction.

In all these experiments the partial polarisation was positive or vertical from

* The rouoliness of the glass surface used in the preceding experiments is such, that a gas

flame, distant 5| feet, ceases to be visible at an angle of incidence of 79" 50'.

FiK. 1.
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FiR. 2.

an incidence of 90° up to an incidence of 0°, as far as it could be observed, owing

to the impossibility of examining the bands where they were reflected at or near

a perpendicular incidence. In order to meet this difficulty, I adopted the follow-

ing mode of observation :

—

The rough or white suface MN E

being placed vertically, was illuminated ^

,

.'
, „

with the flame of a gas burner, or a

moderator lamp, placed at F. The

observer at E, or in any direction be-

tween F and N, observes the condition

of the bands of the polariscope when

they are placed parallel to MN.

Ifwe now take a single rough surface

of plate-glass blackened on its polished

side,and place it at MN,we shall observe

a neutral point about H, the polariscope

bands being negative or horizontal, with a white centre on the M side of H, and

positive or vertical, with a black centre on the N side of H. This neutral point is

obviously produced by the equal and opposite action of light polarised by re-

flexion and refraction. As these two lights, proceeding from light incident at H,

proceed from F, they cannot reach the eye at E by the ordinary law of reflexion.

They are portions, therefore, of oppositely polarised rays scattered in every direc-

tion by the rough surface of the glass.

If we take the same plate of glass with its surface not blackened, and place it

at MN, we shall find the neutral point at G.

If we invert this plate, so that its polished side is uppermost, the neutral

point is advanced to A, all the bands on the M side of A being, as before, negative,

and those on the N side of K positive,— a, result proving that the intensity of the

negative bands had been increased and the positive ones diminished.

Conceiving that this efifect was produced by the light scattered by the rough

surface being polarised negatively by the refraction of the polished surface, I took

the plate with the blackened side, and laid upon its surface a plate of transparent

glass, in order to imitate the action of the unpolished surface in the preceding

experiment. The neutral point which, by the action of the single rough surface,

was at H, was now advanced to A by the refractive polarisation of the two

surfaces of the transparent plate. When this plate was placed at 7nn parallel to

MN, the very same effect was produced. By inclining' mw, the neutral point was

advanced from A to a, still farther, by increasing the inclination, and still farther,

by using several plates, the plane of refraction or incidence being parallel to a

plane passing through FGA.

If we turn the plate or plates at mn round 90°, keeping the same inclination
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to the incident rays from MN, the neutral points will return to their respective

places a. A, G, H, the refractive polarisation of the plato or plates reducino- the

negative bands between M and the neutral points, and increasing the positive

bands between the neutral points and N.

Hence, we have a method of determining whether the polarisation of the

bands is positive or negative, when they are so faint or indistinct that we cannot

see whether the central band is black or white. When they become less intense

or perhaps disappear, by viewing them through one or more plates of glass at mn,

having their planes of reflexion parallel to the plane passing through Yk, the}--

are positive. When they become more intense they are neriatire.

The place of any neutral point may be advanced from II to G, or from G to A
and a, by placing a sheet of white paper behind the rough surfaced plate MN, or

by one or more plates of glass with rough surfaces, each plate advancing it

farther. A sheet of paper advances it farther than/owr surfaces of ground glass.

The rays scattered by the paper are negatively polarised hy refraction at their

emergence from the Plate MN, and, by increasing the intensity of the negative

bands, shifts the neutral point towards N.

We have already seen that a single rough surface of glass blackened behind

has its neutral point about H, and when not blackened about G. A plate with

both sides rough carries the neutral point towards A, and two and more such

plates still farther. The smoothest ground plates carry the neutral point farther

than the roughest towards M.

In the prosecution of this subject, I submitted to examination the following

substances :

—

Calcareous spar ground.

Marble white.

Painted board.

Ivory.

Ivory artificial.

Bone.

Porcelain,

White fir wood planed,

Yellow^ fir wood planed.

Silk, white.

Satin, white.

Linen cloth, white.

Cotton cloth, white.

Cashmere, white.

Paper of all colours.

Parchment.

White kid leather.

Pith of the sola.

Rice paper.

Cotton wool.

Ermine.

Swan's down.
Snow.

Pearl oyster shell.

Pounded sugar.

Pounded glass.

Rochclle salts.

Soda.

Magnesia.

Milk.

White shell.

In all these substances I found a neutral point in the mixture of the positively

and negatively polarised rays which they reflect. In many of them the neutral

point was on the A side of G, or when the angle of incidence was less than 90'^,

while in others it was on the H side, or when the angle of incidence was negative

and greater than 0°, but on the other side of the perpendicular FG.

As in ground glass, one or m^ore plates of glass inclined to tlie reflected ray, as

previously described, brought the neutral point, in almost all these substances, to

the A or N side of G.
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When the substance was more or less glazed, the neutral point was on the A
side of G, the glazed surface acting exactly like the polished surface of a plate of

ground glass when placed next the light. This effect is finely seen in milk,

where the fluid surface increases the negative or refracted light as in the glass

plate.

I attempted to determine for several of these substances the angle of maxi-

mum polarisation, the intensity of the partial polarisation, and the place of the

neutral point ; but I found it very difiicult, owing to the magnitude of the flame

which was necessary to show the bands when very faint, and to its proximity to

the reflecting surface, which was necessary from the same cause.

In white unglazed j)aj)er for example, in the sun's light on the 1st of February

1841-, at ll'' A.M., the polarising angle was about 71°, and the degree of polarisa-

tion, or R,=18i°. On the 2d February the polarising angle was 69i°, and R=18i°
at 10'' 40"! A.M.

In almost all the substances which I have examined, I have observed a

neutral point only at angles of incidence below the maximum polarising angle,

and beyond G, fig. 2 ; but it is obvious that there must be another at some angle

above the maximum polarising angle, excepting in substances where the light

polarised by refraction is too feeble to neutralise the light polarised by reflexion.

I have observed this second neutral point only in one case, but with a sufficiently

strong light it will doubtless be seen in many substances.

In all the preceding experiments, the substances employed have been opaque,

or with such rough surfaces, that objects cannot be seen through them. I was

therefore desirous of ascertaining if neutral points were produced when the sur-

faces which polarise the light were perfectly transparent, having some analogy

with the strata of the atmosphere of different densities. With this view I used a

pile of transparent plates with twenty surfaces, and I found a neutral point dis-

tinctly visible, both above and below the angle of complete polarisation. I

obtained the same result at an angle less than that of complete polarisation, with

a large plate of mica split by an intense heat into so many films that it had the

metallic lustre of silver.

The results now submitted to the Society could hardly have been anticipated

from theoretical considerations. The laws of polarisation for light, normally

reflected and refracted by polished surfaces, are not applicable to those which are

rough, or to bodies which reflect light from their interior ; and in the case of piles

of polished glass-plates, the most distinguished philosophers, Aeago, Young, and

Sir John Herschel, would have considered the light which the plates reflected,

as they did that which they transmitted, as consisting of polarised light, accom-

panied with a portion of common light, a combination incapable of producing

neutral points.

VOL. xxiii. part ti. 3 M
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The most important application of the preceding experiments is to the polari-

sation of the atmosphere. Aeago, Babinet, and others, in their theory of the

neutral points, and of the partial polarisation of the atmosphere, took no account

of the rays which are polarised by refraction, whenever light is polarised by

reflexion, and they referred these abnormal phenomena to a horizontal secondary

reflexion from the atmosphere itself, modifying, and, in three neutral points,

extinguishing the light polarised by reflexion. Whether or not such a secondary

reflexion exists, or is adequate, if it does, to account for these phenomena, are

questions which will be considered in another paper on the polarisation of the

atmosphere. But however ingenious may be the hypothesis, it has no support

either from experiment or observation. The reduction of complete to partial

polarisation, by the opposite action of light polarised by reflexion and light

polarised by refraction, and the production of neutral points where these two

lights are equal, whenever light is incident on surfaces, which, like the atmo-

sphere, disperse and polarise it, is next to an ocular proof of the true laws of

atmospherical polarisation.

It is not one of the least wonders of terrestrial physics, that the blue atmo-

sphere which overhangs us, exhibits in the light which it polarises phenomena

somewhat analogous to those of crystals with two axes of double refraction.
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XXh—Observations on the Polarisation of the Atmosphere, made at St Andrews

in 1841, 1842, 1843, 1844, and 1845. By Sir David Brewster, K.H.,

D.C.L., r.R.S., &c. (Plate XII.)

(Read 16tli March 1863.)

During the last half century, observations on the polarisation of the atmo-

sphere vrere made by several eminent observers—by Arago, Delezenne, Babinet,

and Zantedeschi ; but no result of special importance v^^as obtained till Arago

made the great discovery that there existed in the atmosphere a point, or spot,

in which there is no polarisation. At sunrise or sunset he found that this neutral

point was 20° or 30° above the point opposite to the sun, or what we may call

the Antisolar point. The name of Aragds neutral point has been given to this

spot without polarisation. It is best seen after sunset. At St Andrews it is

above the horizon all the day, between the middle of November and the end of

January.

In the year 1840, M. Babinet made the next important discovery respecting

the polarisation of the atmosphere. When on a visit to the sea-coast, he dis-

covered that there was a neutral point as far above the sun as Arago's neutral

point was above the antisolar point.* To this spot the name of Babinefs neutral

point has been given. It is most distinctly seen immediately after sunset, but is

much fainter than the other, on account of the discoloration of the sky by the

yellow light of the setting sun.

Upon hearing of this discovery, I saw that we had now the elements for

determining the laws of the polarisation of the atmosphere ; and, being ambi-

tious of succeeding in such an inquiry, I devoted four years to the study of the

subject.

My observations commenced on the 28th April 1841 ; and I made many
hundred on the position of the two neutral points,—on their change of place

under different states of the weather, different degrees of transparency in the

atmosphere, different degrees of light in the sky, and different altitudes of the

sun. I measured also the maximum polarisation of the atmosphere in different

azimuths between that which passed through the sun and the zenith, and that

which, at sunset, passed through the sun and the horizon. These observations

* Comptes Kendus, &c., 1840. Tom. xi. p. 618.
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were not difficult to make when the sky was clear and blue ; but in studying

the part of the atmosphere between the sun and the horizon, I was perplexed

beyond measure with the feeble and uncertain indications of the polariscope. The

sky between the sun and the horizon is always the most impure portion of it

;

and the flood of light streaming from the sun unfits the eye for detecting faint

traces of colour. Theoretical considerations had led me to believe that a neutral

point should be found between the sun and the horizon, and certain indications

of the polariscope, at places around its probable locality, entitled me to infer that

it did exist ; but, as an inference was not satisfactory, I watched every favourable

state of the sky, in the hope of obtaining a more direct result.

An opportunity of doing this at last presented itself to me on the 28th

February 1842, when the sun was in the meridian, with an altitude of 22°. The

spot beneath the sun was fortunately vibsile from the end of a long dark passage

running north and south, and having concealed the sun himself, and every part

around him except the probable position of the spot, I obtained a most distinct

view of the new neutral point, situated about 1
5° or 16° below the sun. After com-

municating this discovery to M. Babinet early in 1845, he made several ineffec-

tual attempts to confirm it, and it was not till the 23d July 1846 that he suc-

ceeded in obtaining a distinct view of this neutral point. Following the usual

practice, the French have given to this spot the name of Brewster's neutral point.

MAX. fOLAR

BRZV/STEfCi

ANTISO LAR
POINT

Fis. 1.

With these three elements of atmospherical polarisation, shown in Fig. 1,

I shall now proceed to determine their position in relation to the sun and the

antisolar point, and ascertain the changes which they undergo from variations

in the optical and meteorological state of the atmosphere.
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Observations on Akago's Neutral Point.

In observing the different neutral points, I employed chiefly Savart's band

polariscope, which was kindly presented to me by M. Babinet. It consists of

two plates of rock crystal, which give a system of rectilineal polarised bands*

attached to an analysing plate of tourmaline. In very

feeble lights, I used another instrument, in which the

analyser was a Nicol's prism. When the polariscope

is directed to a neutral point, the system of fringes is

interrupted, as shown in Fig. 2 at N. P. The bands

on one side of the interruption are oppositely polarised

to those on the other, the central band in the one being

black, and in the other white.

In order to measure the altitude of the neutral

point thus observed, I used a common quadrant with a

plumb line, which gave, within half a degree, the alti-

tude of the centre of the neutral spot. In order to

obtain the height of the neutral point above the sun, or the antisolar point, it

was necessary to have the sun's altitude, or his depression beneath the horizon.

Having asked Professor Henderson for the easiest method of obtaining these

with a moderate degree of accuracy, he recommended to me to use Margett's

Longitude Tables, from which they were accordingly taken.

The following observations are a selection of some of the most important, out

of a very great number recorded in my journal. In order not to crowd the page

with figures, I have given only the hour of observation, and the altitude of the

neutral point above the antisolar point, and occasionally the maximum polarisa-

tion.f

1 1 I

I i

Fia;. 2.

1841, May 12.—Barom. 30-1 ; Therm. 9"^ p.m. 48°. The sky unusually clear

Mean Time.
R=Maximum Polarisation.

In Zenith. In Horizon

7h IQm P.M. 3or 281°

7 25 „ ...

7 35 !J 30i 291-

7 45
5J 28i- 28^

7 55 „ The sun set.

8 5
?> • • • . • •

8 15
>5

8 30
/The polarized )

"
( bands faint. J

. . .

Height of Neutral Point ahove
the Antisolar Point.

20° 33
20 29

21 13

21 33

22 8

21 35

20 41

22 26

* See Edinburgh Transactions, 1819, vol. ix. p. 148, where the method of producing rectilineal

bands, by crossing two plates of rock crystal, was first published.

f See the section on the place of maximum polarisation, and its intensity or R., p. 245.
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1841, June 3.

Mean Time

6h 27'" p.*

6 36 „

6 43 „

7 8 „

7 35 „

8 4 „
8 33 „

Height of Neutral Point above
the Antisolar Point.

Neutral Point not risen.

very near the horizon.

above and close to the horizon.

Sun sets.

18° 20'

20 30
21 43

1841, June 10, 2*".—Barom. 297. Singularly fine sky all day; wind east. When
the neutral line or point of the polarimeter happened to be above an illuminated

wall, the effect was to vary the place of the neutral, as if the polarisation of the

sky were diminished. At Z^ 47™, when the sky was everywhere pure and free

of clouds, the neutral line of the polarimeter was curved above the land horizon.

At 6h 32™ its curvature was greater above the sea horizon, the deviation increasing

towards the horizon.

Height of Neutral Point above

the Antisolar Point.
Mean Time

In Zenith.

jiariHui'iuu.

In Horizoi

6^ 35°» P.M Neutral point in horizon.

7 13 ., • • • ...

7 30 „ 28^ 28^
7 42 „ . . .

8 5 „ 29i 28^
8 18 „ ... 29^
8 36 „ Sun set. ...

8 52 29^

1841, July 17.—Barom. 2960, therm. 55^^

sky, with clouds here and there.

Mean Time

7" 35"° P.M

8 S)

8 18
)>

8 30 ))

8 47 J>

9 2 »
9 12

»)

9 22 »

Sun sets.

30

18° 20'

18 56
21

19 15

18 56

19 25

19 29

uth-west. A China-ink

Height of Neutral Point above

the Antisolar Point.

19° 0'

17 48

17 25
17 45

17 19

16 15

17 26
19 7

1841, August 31.—Rain till I'' p.m., when it cleared up. Barom. 297.

Mean Time.
R:=Maximum Polarisation. Height of Neutral Point above

In Zenith. In Horizon. the Antisolar Point.

5h 44m p M, 27*= isr 17° 22'

6 „ 281 22i 19 55

6 20 „ ... ... 19 59

6 38 „ • . * . * • 20 3
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Septeniber 6.--Barom. 29-5

Mean T ime.
R=Ma

In Zenith.

6^ 22™ P.M. 29i°
6 30 jj ...

6 35
;) 28i

6 49 )> 28i
7 !> • •

7 6 ?)

7 15 )5 ...

irisation. Height of Neutral Point above
In Horizon. the Antisolar Point.

19° 7'

19 45

27i 20 21

26i 21 20

1841, September 12.—Barom. 2975. Sky clear.

Mean T ime.

6h gm P.M.

6 20

6 24

6 46

6 49

6 58

R=:Maximuni Polarisation.

In Zenith. In Horizon.

27r 25^

Height of Neutral Point above
the Antisolar Point.

20° 35'

20 45
21 7

22 2

22 10

23 54

1841, September 29.—Barom. 28*73 after rain. Sky clear.

Mean Time.

4h 23' P.M.

5 24
))

5 31 5)

6 2 J5

6 12 19

R=Maximum Polarisation.

In Zenith. In Horizon.

37i°
29^
30

Height of Neutral Point above
the Antisolar Point.

24r 28° 10'

29^ 21 35

... 21

... 23 51

24 15

At 5'' 24°" the sky was clear, but whitish, and not blue,

the neutral point.

A little cloud below

1841, October 23.—Rainy day. Cleared up at 3^ p.m.

Mean Ti me.

4h 18m P.M.

4 24

4 29

4 37
4 44
4 52

R^Maximum Polarisation.

In Zenith. In Horizon.

25J

26 25*

Height of Neutral Point above

the Antisolar Point.

21° 5'

21 50
21 27
21 13

21 23

21 45

1841, November 2.—Barom. 30*7. Fine day ; dry haze.

Mean Time.
R=Maximum Polarisation.

In Zenith. In Horizon.

Height of Neutral Point above
the Antisolar Point.

2^ 30^ P.M.

2 30
43
22
51

15

36

58

The neutral point rises.

26r

25 22^

13° 20'

18 20
18 45
21 32

19 54
19 20

22 22
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1841, November 4.—Barom. 30'2. A foggy day ; sky tolerably clear of clouds.

^h 50m The neutral point just risen above the thick haze near the north horizon. The
bands of the polariscope are all rugged at the edges, indicating an abnormal

state of the air. R= 21|-° in zenith, and 15° in horizon.

,, ~. Height of Neutral Point above
Mean Time. .^u * x- i m-the Antisolar Time.

3" 131° P.M. 24° 52'

This singular height of the neutral point arose doubtless from the haze in the

horizon.

„ ™. R=Maximum Polarisation. Height of Neutral Point above
In Zenith. In Horizon. the Antisolar Point.

S*' 45°' P.M. 22i° 19^^'

4 12 „ ... ... 19° 56'

4 17 „ ... ... 20 3

1841, November 25.—Barom. 2963. Singularly fine day.

B=Maximum Polarisation. Height of Neutral Point above
In Zenith. In Hoiizon. the Antisolar Point.

27r 25r
27i 25i

Api)arent Time.

10»'31m A.M.

12

2 21

3 3

4 20

4 24

4 38

284 26

14° 30'

14 6

17 35

18 45

19 50
18 40
19 20

27i° 21° 46'

t . • 20 38

... 20 40

n

27^ 27i

1842, January 29.—Barom. 29*93. Fine day; clear sky; snow covers the

ground partially.

, . (. rr-
R^Maximum Polarisation. Height of Neutral Point above

PP In Zenith. In Horizon. the Antisolar Point.

3'^ 34™ A.M. 27°

3 52 „

4 10 „

1842, February 15.—Rain in morning; fine day afterwards; Barom. 30*05

wind west.

R=Maximum Polarisation. Height of Neutral Point above
In Zenith. In Horizon. the Antisolar Point.

g^ j^o f
18^° in S. H. ) Neutral point^

i 22i in W. H. j" not risen.

In App. H. 7° 30

26* 18^ 8 17
9 7
14 35

16 55

27i- 221- in S.E. 17 52

The observations at 3"" 38"', 48°*, and 58° are recorded as good, and made in

the finest sky.

The state of the atmosphere was peculiar near the horizon, as will be seen in

the section on a secondary neutral point.

Apparent Time.

3^ 13™ A.M.

3 38

3 48

3 58
4 21

4 47
4 51

I

I

I
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1842, February 16.-

Apparent Time.

-Barom. 3016.
K=Maximum Polarisation.

In Zenith. In Horizon.
Height of Neutral Point above

the Antisolar Point.

12'' Om A.M.

2 48 „
18 „
22 „

44 „

12 „
37 „
58 „

A China-ink muddy sky.

22i

A secondary neutral point.

Neut. Point not risen.

22i at 25° Alt.. Do.
10°

12

17

17

18

do.

30'

30
10

20

1842, February 18.—Cold, wind west and rather strong. 12^ 0", I observed

a curious effect on the polarised bands in the west, the sun's altitude being about

30°. In carrying the bands vertically round, the neutral line, in place of crossing

them at a right angle, was the arch of a circle, to which one of the bands was a

tangent. The sky was clear, but in a short time a cloud was formed in that

place. I had observed the same phenomenon previously. It indicates a state of

the air similar to that which produces mirage.

1842, February 21.—Barom. 29 44. Wind west. The sky-line over both the

sea and the land unusually distinct and free from haze.

Apparent Time.
Height of Neutral Point above

the Antisolar Point.

3h 45m P.M.

3 57 „

4 31 „

4 37 „
5 6 „

10° 29'

12 39
17 40
18 35
19 49

1842, April 5.—Barom. 30*07. Splendid sky.

, „• R=:Maximuin Polarisation. Height of Neutral Point above
"°

In Zenith. In Horizon. the Antisolar Point,

.5h25«»p.M. ... ... 13° 26'

5 32 „ ... ... 15 25
6 21 „ 30 26i- 19 1

6 55 „ ... ... 18 50

7 12 „ 304 ... 21 5

N^.B.—This and April 8th are the only days on which I was able to observe all the
• three neutral points, and determine their place. (See pp. 225 and 229.)

1842, April 6.—Barom. 30"05. Considerable haze.
. _,. Height of Neutral Point above
Apparent Time. ° ., . .. , r> ^

' ' the Antisolar Point.

5'' 23m 15° 26'

R=Maximuin Polarisation.

In Zenith. In Horizon.

, April 8.

Apparent Time

5*" 30™ P.M.

5 38

5 46

5 52

6 5

6 22

6 47

7 5

7 18

24^

27i

28f

m

Height of Neutral Point above
the Antisolar Point.

15° 26
19

19

19 5

21 25
20 55

20 30

19 55

20 15
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April 13.--Bar om .3012.

Apparent Time.
K=

In Zenit

5h 48m P.M.

6 20 „ 29
6 54 „ 2H
7 10 „ . •

7 19 „ 30^
7 64 „

Fine day.

Maximum Polarisation,

th. In Horizon.

221

Height of Neutral Point above
the Antisolar Point.

16= 20'

17 55
19 40
19 45
19 4

22 10

At 7^ 32" the maximum polarisation was 32i, the greatest ever observed.

(See p. 250.)

1842, April 20.—Barom. 3002.

Apparent Time.

5h 50m P.M.

6 29 „
6 59 „

7 45 „

7 59 „

1842, April 20.—Barom. 3000.

night.

Apparent Time.

5'' 211" p.ji

6 6 „
6 38 „

7 9 „

7 32 „

1842, April 29.

Apparent Time.

Wind west ; very fine day.

Height of Neutral Point above
the Antisolar Point.

22° 50'

19 21

20 55

20 10

24 8

Not a cloud in the sky from morning till

Height of Neutral Point above
the Antisolar Point.

5h 54m p jj.

6 1 „

6 45 „

1842, May 15.—A haze.

Apparent Time.

6^ 29™ P.M.

6 46 „

7 26 „

8 26 „

R^Maximum Polarisation.

In Zenith. In Horizon.

15°

20i

23*

15°

1842, November 14,—Barom. 29-6. Fine frosty and clear morning.

Apparent Time.
R==Maximum Polarisation.

In Zenith. In Horizon.

8^ 55" AM.
9 3 „
9 16 „
9 31 „

9 43 „
9 48 „

251° 19i

13° 43'

13 51

19 28

20 10

19 15

Height of Neutral Point above
the Antisolar Point,

18° 4'

18 35
22 25

Height of Neutral Point above
the Antisolar Point.

28° 35'

28 12

24 6

19 59

lear morning.
Height of Neutral Point above

the Antisolar Point.

19° 50'

18 40
15 22
15

14 30
13 45
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1842, November 20.—Barom. 2974. Cold and clear.

Apparent Time.

lOh 8m A.M.

10 15
))

10 27 5>

10 39
JJ

10 55 )J

R=iMaximum Polarisation. Height of Neutral Point above

In Zeiiithi, In Horizon. the Antisolar Point.

2ir

11 Neutral point lingering in the horizon.

18° 5'

17 30

16 25

45 15

15 5

1842, November 21.—Barom. 2977 ; therm. 31°. Frosty morning.

R=Maximum Polarisation
Apparent Time.

IX iVlKlAlUlUlU r
In Zenith.

jittiiaaLiuu.

In Horizon. the Antisolar Point.

9^ 1™ A.M. ... ... 21° 10'

9 13 „ 26r i9r 20 25

11 4 „ • • • ... 15 45
12 22 P.M. Neutral point below land horizon ; bands scarcely visible in horizon.

12 43 „ Neutral point in horizon.

1 40 „ 16 30

The decrease in these numbers as the sun's altitude increased is very interest-

ing. The light of the sky was increasing till noon, whereas, when the numbers

increase, the light of the sky diminishes.

The observations on the 14th, 20th, and 21st Nov. were the only morning

ones I made.

1842, December 28.—Barom. 29 56. Sky very fine at 11"^ 38'°.

K=Maximum Polarisation.

In Zenith. In Horizon.
App arent Time

11"^ SS'" P.M.

11 68
)>

1 A.M.

1 28
))

2 33 n

29°

27

IH

18*

ight of Neutral Point above
the Antisolar Point.

17° 20'

17 21

18 25

22 16

22 15

See in p. 237 the state of Babinet's neutral point at this date, when a halo of

45" encircled the sun.

1843, February 2.—Barom. 29*05. Snow storm with wind.

Apparent Time.

9^ 55™ A.M.

R^Maximura Polarisation.

In Zenith. In Horizon.

24r 17i°

Height of Neutral Point above
the Antisolar Point.

Polarisation of the sun's light by the snow hardly perceptible, whether we
look towards or from the sun.

2 5 P.M. Neutral point in sea horizon. ... 12° 5'

2 47 „ 26-h 19J 14 35

1843, February 14.—Barom. 29-45. Bitter cold day ; frost in the morning.

Apparent Time. t rz -.i, t tt •"^^ In Zenith. In Horizon.

2** 48™ A.M. Neutral point below horizon.

2 53 „ |^?*-.PM.28i 23^|^^,"*-.P^-l28j
[ m horizon

j

the Antisolar Point.

12° 5'

11 45
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1843, March 25.—Barom. 29-97.

Apparent Time.
j^ Zenith. In Horizon.

4'* 35™ A.M. 25° Neutral point in horizon.

5 15 „

5 44 „ 28

6 9 „ 29J

the Antisolar Point.

10° 0'

11 30
18 31

17 30

1843, June 21.—Barom. 29-75. Fine day; wind west

Apparent Time.
R=Maximum Polarisation.

In Zenith. In Horizon.

Height of Neutral Point above
the Antisolar Point.

7h 12=1 A.M.

7
8

9

44 „

30 „

16 „

27i°

29
30

rN.pt.in|

( horizon
j

9°

16°

19

18

401'

31

22

29

1844, February 3.—Barom. 29-90. Snow covering the ground.

Apparent Time.

4^ 7™ A.M.

R=:Maximum Polarisation.

In Zenith. In Horizon.

26° 23°

Height of Neutral Point above
the Anlisolar Point.

18° 20'

1844, February 21.—Barom. 29-28. Snow partially covering the ground.

Apparent Time

s^ so^ A.M.

4 40 »
4 13 »»

4 40 )>

In Zenith,

27°

28i
28|

In Horizon.

1844, June 10.—Barom. 29-70.

A.M.

Apparent Time.

7*' 36"

7 44
8 11

8 52

K^Maximum Polarisation.

In Zenith. In Horizon.

24|
27i

22^
23^

the Antisolar Point.

13° 3'

12 35

17 34

19 24

Height of Neutral Point above
the Antisolar Point.

21° 20'

21 20
21 35

21 50

1844, June 13.—Barom. 29-4. Windy ; wind south-west.

Apparent Time.

7" Om A.M.

7 12 „

R=Maximum Polarisation.

In Zenith. In Horizon.

Height of Neutral Point above
the Antisolar Point.

Neutral point in horizon.

24i 20*
ir
13

10'

2

In the following observations, the altitude of the sun was not estimated. The

numbers in the fourth column are the altitudes of the neutral point above the

horizon.

1845, April 15.

Apparent Time.

5^ 48™ A.M.

6 48 „

R^Maximum Polarisation.

In Zenith. In Horizon.

26i°

27i

221°

241

Height of Neutral Point above

the Horizon.

7° 25'

18 55
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In the normal state of the atmosphere, as represented in the Map, Plate

XIL, namely, when the sun is in the horizon, Arago's neutral point is about

18^° above the horizon, or above the antisolar point ; but when the sun is 11° or

12° above the horizon, and the antisolar point as much below it, the neutral

point is in the horizon, and consequently only 11° or 12° above the antisolar

point.*

As the sun descends to the horizon, and the antisolar point rises, the distance

of the neutral point from the latter gradually increases ; and when the sun

reaches the horizon, the neutral point is 18^° above it, and therefore 18^° distant

from the antisolar point.

After the sun has set, the distance of the neutral point from the antisolar

point increases ; that is, it rises faster than the sun descends, and its maximum
distance, when the twilight is very faint, is about 25°.

When the sun is advancing to the meridian, and the light of the sky is in-

creasing, the distance of the neutral point from the antisolar point diminishes,

as shown in the morning observations on the 14th, 20th, and 21st November

1842.

On a Secondary Neutral Point accompanying Arago's Neutral Point.

"When the sea horizon was terminated by a dark purple belt about 1^° above

it, I observed that the vertical bands of the polariscope became brighter over

that belt.

The same phenomenon was seen, but less distinctly, over the land horizon.

It was difficult to measure the amount of this new polarising influence, but it

was obvious that we should observe it separately when the neutral point came

above the belt. In this case, it would eclipse, as it were, the neutral point, which

would recover itself when it emerged from the belt. It was obvious also, that

when the negative or oppositely polarised bands came over the belt, the new

polarising influence would extinguish them where they had the same polarising

force, and form a secondary neutral point, the primary one being then out of

the belt.

On the 8th of June 1841, at 5' 50°" p.m., when the polarised bands were

strongest, both on the land and sea horizon, I watched the rise of the neutral

point, which, as I had foreseen, did not appear first in the horizon, but about 1|°

above it, the compensation taking place where the vertical or positive polarisa-

tion was weaker than in the horizon. We had now the singular phenomenon of a

neutral point with positive polarisation on each side of it. When this phenome-

non was more fully developed under a favourable state of the horizon, the positive

* In abnormal circumstances, sometimes only 7", 8°, 9°, or 10°, as in 1842, February 15

and 16.
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Fig. 3.

polarisation was overcome by the advancing negative polarisation. The negative

polarisation was then immediately below the ascending neutral point ; but at a

certain distance (a few degrees below the neu-

tral point), the negative polarisation was com-

pensated by the excess of positive polarisation

close to the horizon, and the beautiful pheno-

menon was seen of two neutral points, a primary

and a secondary, separated by bands of negative

polarisation, as shown in the annexed figure.

1841, June 10, 6"^ 40°'.—The neutral point

a little above the horizon, with vertical or +
polarisation 07i both sides of it. The new verti-

cal polarisation had more than compensated the

horizontal, or negative polarisation, and left a

balance of positive polarisation, which soon dis-

appeared when the rising horizontal polarisation

overpowered it.

1842, Feb. 22.—Both on this day and on the 13th, the neutral point was

above the horizon, though not visible, being eclipsed or masked by the cause

which produces the secondary neutral point. Over a space of 3i° above the

sea, the positive bands almost wholly disappear before the negative bands are

perceptible, and the neutral point is 5° high when the secondary neutral point is

distinct in the sea horizon.

Although I have observed the secondary neutral point more than twenty-two

times, it has generally appeared under slightly different forms, varying with the

intensity of the new polarising cause which produces it, and with the point of

the horizon where the neutral point rises

It is unnecessary to describe these different forms,—I shall mention only an

observation made on the 21st April 1849, under very favourable circumstances. At

6^ 22", when the primary neutral point was about 15° high, the secondary neutral

point was 2° 50' high, the negative bands covering a space of 8^ or 9" between

them, the positive bands being above the sea-line. A fog prevailed to some

extent, and above the sea-line there was the dark purplish belt previously men-

tioned, over which the positive bands were stronger than on the part of the sky

above it.

Observations on Babinet's Neutral Point.

In the year 1840, when M. Babtnet had occasion to visit the sea coast, he

proposed to observe if the neutral point of Arago varied in its height as the sun

rose or set, and to observe it also when the sun was beneath the horizon ; but he

was allured from these observations by a circumstance which he had never even

suspected, namely, the existence of a second neutral point above the setting sun,



ON THE POLARISATION OF THE ATMOSPHERE. 223

and nearly as high in the atmosphere as the neutral point of Arago. " I after-

wards,"* he says, " determined, a great number of times, the position of this

new neutral point which appeared in the west, even when the sun was just on

the horizon before setting, and in the east when he had risen only a few degrees.

A very imperfect estimate made me sometimes believe, that this new neutral

point was a little less high than that of Arago."

The following observations on this neutral point were made generally on the

same day, and even in the same hour, as those on Arago's neutral point, and

therefore under the same atmospherical influences.

1841, May 12.—Wind west in the evening.

Mean Time.

8*^ 10™ P.M.

1841, May 16.—Barom. 2924. Windy.
Mean Time.

Height of Neutral Point above
the Antisolar Point.

16° 4'

Height of Neutral Point above
the Antisolar Point.

M san Time.

10'' 10«> A.M

7 17 P.M.

7 35
>)

7 52 5)

8 8
J!

8 21 ))

8 39 ))

8 52 !)

7^ O'" P.M.

1841, June 10.—Barom. 29-27. Very fine sky.

Sun's altitude about 50°.

Sun sets.

9 3 „

9 15 „

1841, September 6.—Barom. 29-55.

Mean Time.

6^ 30ni

6 45
6 58

7 6

1841, September 12.—Barom. 29-75. Sky clear.

Mean T;me.

gh 54m

7

1841, September 29.—Barom. 2873. After rain sky clear.

H"

Height of Neutral Point above
the Antisolar Point.

2° or 3°

13° 15'

14 55
14 5

16 37
15 27
17 15

16 25
16 42
16 20

Height of Neutral Point above
the Antisolar Point.

16° 15 /

14 45
12 55
13 8

Height of Ne utral Point above
the Antisolar Point.

18° 53 f

18 20

Mean Time.

5h46m

5 57
6 7

Height of Neutral Point above
the Antisolar Point.

12° 53'

14 55
16 15

* Comptes Rendus, &c., 1840, torn. xi. p. 619.
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1841, October 23.—Rainy day; cleared up at ^^ p.m.

Mean Time.

4h 21m

27
30
39

45
53

1841, November 2.

Mean Time.

4h 50m

R= Maximum Polarisation. Height of Neutral Point above
1 Zenith. In Horizon. the Antisolar Point.

17° 33'

27r 25^° 15 35

... ... 14 30
15 13

26 251 14 22
15 53

Height of Neutral Point above
the Antisolar Point.

14° 51'

1841 , November 4.—Barom. 30-2. Foggy day; sky tolerably free from clouds.

Height of Neutral Point above
the Antisolar Point.

Mean Time.

3h 13m

4 9

4 14

1841, November 25.—Barom. 29-63

Apparent Time.

lO'' 31™ P.M.

12 9 „

12 26 „

2 24 „

3 10 „

1842, January 29.—Barom. 29 93. Fine day; clear sky; snow covers the

ground partially.
. . ~. R=Maximum Polarisation. Height of Neutral Point above
""

In Zenith. In Horizon. the Antisolar Point.

14° 4'

19

17 48

1. 29-63. Splendid day.

R= Maximum Polarisation. Height of Neutral Point above
Zenith. In Horizon. the Antisolar Point.

3° 20'

27|° 251° 6 24
12 5

28J 26J 13 47

... 16 35

S^ 32™

3 53
4 8

27° 21^ 16° 35'

17 38

17 51

1842, February 15.—Rain in morning, then a fine day.

R=:Maximum Polarisation.

In Zenith. In Horizon.

Height of Neutral Point above
the Antisolar Point.

Apparent Time.

4h 25™
4 44
4 55

At this hour clouds rose in the S., N , and N.E. horizon ; a dark band of distant

haze 6° or 8° hiofh rose above the sea horizon.

... 21° 58'

... 20 24
221° in s.E. Hor. 20 30

1842, February 21.—Fine day ; wind west.

Apparent Time.

4h 35m

5 8

Height of Neutral Point above
the Antisolar Point.

18° 57'

18 32

1842, March 2.—A wet day ; the place of the sun was seen only as a white

spot. The polarisation everywhere feeble.



ON THE POLAKISATION OF THE ATMOSPHERE. 225

2^ 20"".—The neutral point was 75° above the horizon, or about 54° above

the sun. The polarisation was negative from the neutral point to the horizon

beneath the sun, and positive to the horizon opposite to the sun.

1842, March 16.—Barom. 29-96. The sun occasionally shining through a

thickish haze in a China-ink sky without any blue ; the wind in the south-west,

and slight.

IQh 45m_—Sun's altitude about 30^°; the polarisation below the sun was

negative down to the horizon ; the neutral point was 30° above the sun, or more

than 60° high

!

1842, April 5.—Barom. 30 07. Splendid sky.

Apparent Time.
R=:Maximum Polarisation.

In Zenith. In Horizon.

Height of Neutral Point ahove
the Antisolar Point.

6'' 23°!

6 58

7 7

30"

301

261° 19° 17'

18 46

15 45

The polarisation was unusually great, equivalent to a rotation of the plane of

polarisation of about 29° ; it became stronger as it grew darker.

N.B.—This day and April 8th were the only days on which I was able to

observe the three neutral points, and determine their place. (See pp. 217 and 229.)

1842, April 8.

Apparent Time

6^ Qm

6 25

6 45

7 7

7 20

R=:Maximum
In Zenith.

Polarisation.

In Horizon.

24J°
181°

27i
28f

...

Height of Neutral Point above
the Antisolar Point.

17° 15'

18 20
19 11

21 5

19 31

1842, April 13.—Barom. 30-12. Fine day.

. . nr R=:Maximum Polarisation. Height of Neutral Point above

5h 51m
in /Cjeniio. in Horizon. ine Antisoiar r

18° 50
6 23 29° 221° 18

6 58 29i ... 18 40

7 12 ... ... 17 35

7 21 30^ ... 17 57

At 7^ 32™, the maximum polarisation or rotation was 32|°, the greatest ever

observed. (See p. 235.)

1842, May 15.—A haze.

Apparent Time.

Qh 34m 15°

6 48 ...

7 28 20^
8 29 231

R^Maximum Polarisation.

In Zenith. In Horizon.

15°

Height of Neutral Point above

the Antisolar Point.

18° 10'

19 55

17 44

18 1
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1842, November 14.—Barom 296. Fine frosty and clear morning.

Apparent Time.

8^ SSO'A.M.

R=:Maximum Polarisntion. Height of Neutral Point above
In Zenith. In Horizon. the Antisolar Point.

9510 191° 14° 7'

1842, November 21.—Barom. 2977. Frosty morning. Thermometer 31'

Apparent Time.

9^ 4™ A.M.

Height of Neutral Point above
the Aritisoiar Point.

18 36'

1842, December 28.—Barom. 29-56.

Apparent Time.

11'^ 40°' A.M.

12 3 .,

1 4 „
1 23 P.M.

2 31 „

R=Maximum Polarisation. Height of Neutral Point above
In Horizon. the Antisolar Point.In Zenith

29°

27

14^^

isr
13° 41'

13 37
25 25!

27 30!

27 48!

These remarkable results were doubtless owing to the causes which produced

the following phenomenon :—At I'' 4"*, when the neutral point started away from

the sun, a wiiite halo of 45^ appeared round the sun, and continued till 2^ SI"".

It was slightly brown on its inner rim. At l*" 23" the altitude of the halo was
32° 10', and the sun's altitude 8"^ 30', so that the radius of its outer rim was
23° 40'.

When the vertical bands of the polariscope passed over the apex of the

halo, tkeii' intensity was increased, and when they passed over the halo in a

direction parallel to its horizontal diameter their intensity was diminished. As
the crystals of ice, by which the halo was produced, are doubly refracting, one

of the pencils must have been weaker than the other, an effect which would be

produced if the surfaces of the crystals were not perfectly smooth.*

The polarisation of the sky was greatly reduced by the crystals of ice floating

in the air, which produced the halo.

1843, March 25.—Barom. 29 97.

Apparent Time.

5h 46ra

6 11

R= Maximum Polarisation.

In Zenith. In Horizon.

28"

29|

Height of Neutral Point above
the Antisolar Point.

18=

17

25'

41

1843, April 17.—Barom. 2984. Fine day ; wind east.

Apparent Time.

Q^ 33™

7 7

7 33

Height of Neutral Point above
the Antisolar Point.

17°

18

18

32'

4
44

1843, April 29.—Barom. 29*63. Wind east. The heat of the rising sun very

great, and the vapour rising copiously from the ground. Everything more than

* See Phil. Trans., 1819, p. 146.
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a quarter of a mile distant invisible. The sun shone occasionally, showing his

pale white disc.

Apparent Time.

10'' 20" A.M.

2** 55"^.

The bands were negative from the zenith through the sun to the horizon,

and positive to the opposite horizon. The maximum polarisation

was 90° from the sun, but was so weak that it was compensated by

the refraction of a plate of ground glass, at an angle of incidence of

about 30°, the negative bands being then scarcely visible.

The vapour still rising copiously, and the place of the sun not visible. The
bands were hardly visible, the polarisation, when a maximum, being

compensated by the refraction of a plate of glass, at an angle of 5°.

1843, May 3.—Barom. 29-65. Easterly haur.

Apparent Time.

^h 25°i. Mist flying before the sun, and the neutral point oscillating from near the

sun to the zenith as the mist thickens.

1843, June 21.—Barom. 2975. Fine day ; wind west.

Apparent Time.

7h 46m

33

14

R=Maximum Polarisation.

In Zenith. In Horizon.

29°

30

1844, Feb. 3.—Snow covering the ground.

^ _,. R=;Maximum Polarisation.
Apparent Time.

^^ Zenith. In Horizon.

4I1 llm 26° 23°

1844, April 15.

Apparent Time.

5h 54m

6 50

Height of Neutral Point ahove
the Antisolar Point.

15° 55'

17 57
16 28

Height of Neutral Point above
the Antisolar Point.

17° 55'

Height of Neutral Point above
the Antisolar Point.

25° 6'

18 10

1844, June 10.—Barom. 2970.
_. R^^Maximum Polarisation. Height of Neutral Point above

Apparent lime.
^^ Zenith. In Horizon. the Antisolar Point.

8'' 201° 24f ... 18° 14'

In a normal state of the sky, when the sun is rising or setting in a fine day

without clouds, the neutral point of Babinet is situated about 18° 30' above the

sun. Owing to the great quantity of light in the neighbourhood of the sun, this

neutral point is not so easily seen as that of Arago, and escaped the scrutiny of

that distinguished observer. In high latitudes it is above the horizon the greater

part of the year, and, being above the sun, it is of course always visible in a clear

sky, when he is above the horizon. When the sun is in the zenith, this neutral point

coincides with the sun's centre, its distance from the sun gradually increasing

till it becomes 18° 30' at sunrise or sunset, when the sun's altitude is nothing.

Like that of Aeago, the neutral point of Babinet must be accompanied, in

certain states of the horizontal sky, with a secondary neutral point, but I have

never had an opportunity of observing it.
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Observations on the Neutral Point below the Sun.

This neutral point, which I discovered in 1842, is much more diflficult to bej

seen than that of Babinet. In November, December, and January, it cannot be
|

seen in our latitude, unless when, early in November and late in January, a high

degree of polarisation in the sky brings it above the horizon at noon.

The following interesting remarks of M. Babinet on his successful attempt to
j

confirm the existence of this neutral point, explain in the clearest manner the

causes of the difficulties which were experienced, and which every future observer

will experience in observing this remarkable spot, with its surrounding polarisa-

tions :

—

" On the 23d July," says M. Babinet, " after having observed from half-hour

to half-hour the polarisation of the sky below the sun, the regularity of this

polarisation appeared to change after 4^
; and from 4|'' to 5^^ I observed in

placing the bands horizontally

—

" \st^ A space without polarisation below the sun.

" 2d, Below this space a second space, when the bands were certainly seen

;

and,

" 3<?, Lower still a neutral space, where no bands were seen ; and,

" 4^A, In approaching to the horizon, a fourth space, where the bands were

very visible. The phenomenon is therefore no longer doubtful ; but the immense

l)rightness of the sun in a clear day, the intense illumination of the atmosphere

in the region immediately below him, and the reflexion from the strongly illumi-

nated earth, all concurred in rendering this observation difficult to make, and

very painful to the eyes, even if we take the precaution of shielding the head and

the polariscope from the direct rays of the sun, and the reflexion from the earth.

M. Brewster was doubtless guided in his research by theoretical

views, otherwise it appears to me very improbable that, by merely observing the

atmospherical polarisation, he could have made the remarkable discovery of this

neutral point, so difficult to see, and which, after him, I have several times tried

in vain to rediscover The small quantity of polarised light which

is observed between the neutral point of Brewster and the Sun, seems to me to

reach the limit which it is possible to observe, and perhaps to exceed the limit

which it is possible to measm-e." *

1841, Nov. 17.—Barom. 29-43.

^\pparent Time.

12^ 0™. The polarisation between the sun and the horizon decidedly nejraitve, hut no

neutral point there.

* Comptes Rendus, &c., 1846, torn, xxiii. p, 234.
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1842, Feb. 16.—Barom. 30-16.

Apparent Time.

12*" 0™. Sun's altitude about 21° 13' ; a China-ink muddy sky. There is clearly a
neutral space below the sun, and a little above the horizon. The bands

on the sun and below him are negative ; but as the negative polarisation

becomes very weak, it must pass into a neutral point.

1842, Feb. 18.—Cold, wind west, and rather stormy.

Apparent Time.

12'» 0™. The neutral point below the sun was distinctly seen, the polarised bands being

negative over and below the sun, and below the neutral point positive

down to the hoi'izon. The sun's altitude was about 22°, and the distance

of the neutral point from the sun about 1 5°.

1842, Feb. 21.—Barom. 20-44. Fine dry day; wind west.

Apparent Time. Distance of Neutral Point from Sun.

12'' 39m. Neutral point 61° above the horizon, 15° 0'

The positive polarisation between the neutral point and the horizon was

compensated by the refraction of one plate of glass, at 20° of incidence.

The neutral line was convex towards the sun in the west horizon.

1842, March 10.—Sky clear in zenith ; wind west.

Apparent Time.

ll** 15™. The neutral point distinctly seen below the sun.

1842, April 3.—Barom. 29-8. Fine clear sky ; cold ; hail in the afternoon.

Apparent Time.

jjh 45m Neutral point below the sun very distinctly seen, the sun's altitude being

about 39J°, and the height of the neutral point 26|^°. The distance of

the neutral point from the sun was 13°. The bands over the sun down
to the neutral point were negative, and those below it down to the

horizon positive.

1842, April 5.—Barom. 30-07. Splendid sky.

Apparent Time. Distance of Neutral Point from Sun.

12h 27™. Neutral point seen distinctly below the sun.

12 27 15° 25'

12 63 14 40
12 56 15 45
4 13 15 35
4 33 15 22

N.B.—All the three neutral points were observed, and their places ascertained

this day, and also on April 8. (See pages 217 and 225.)

1842, April 6.—Barom. 30-05. Considerable haze.

Apparent Time. Distance of Neutral Point from Sun.

8** 51"°. Neutral point distinctly seen below the sun.

11 6 , 12° C

1842, April 8.

Apparent Time.

£11 7m, The neutral point below the sun beautifully

seen. Estimated distance from the sun, 16° 0'
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1842, April 15 and 17.

Apparent Time.

3h Qm Neutral point below the sun distinctly seen

3 30

1842, April 20.—Barom. 30-02. Very fine day ; wind west.

Apparent Time. Distance of Neutral Point from Sun.

12^ 10m no 20'

12 37 10 40
2 21 12
3 45 12 35

The maximum polarisation was very great.

1842, April 25.—Thin hazy clouds before the sun.

Apparent Time.

l*" 11™. Sun's alt. 45i°. Alt. neutral point below sun 34°. Distance below
sun lli°.

"

1842, April 26.—Barom. 3008. Not a cloud in the sky from morning till

night.
Apparent Time,

llh im

11 46
3 30
3 35

4 10

Distance of Neutral Point from Sun.

12° 15'

12 30
14 35
15 5

17 45

1842, April 27.—Barom. 3004. Singularly fine sky.

Apparent Time. Distance of Neutral Point from Sun.

10'' 45m 12° 5'

12 12 A fog from the sea has just come on, and has driven the neutral point

beneath the horizon, the bands being negative all the way to the horizon.

1 20 The fog has diminished. The neutral point is now seen near the horizon,

playing up and down from 4° to 6° above the horizon, as the fog

becomes denser or rarer !

1842, April 28.—Barom. 30.

Apparent Time.

llh 24™

1842, April 29.

Apparent Time,

llh 4m

1842, May 3.—China-ink sky; wind east.

Apparent Time,

ll'' 29m

12 15

Fine sky ; wind east.

Distance of Neutral Point from San.

10° 55'

Distance of Neutral Point from Sun.

11° 20'

Distance of Neutral Point from Sun.

10° 15'

9 25

1842, May 16.—Barom, 303. Thick haze; sun faintly seen.

Apparent Time.

Qh 49m ^ j£ Neutral point below the horizon. The sun now quite hid, and no

bands seen below him. A great glare of light, and a sort of quaqua-

versus polarisation.

N.B.—When tlie neutral point is out of the plane passing through the sun,

the zenith, and the observer, it arises in certain cases from there being a

greater haze on one side of the plane than on the other.
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1842, May 17.—Barom. 30-22. Haze all the day.

Apparent Time.

11^ 0"^. The neutral point beneath the horizon.

12 30 Several neutral points, three at least below the sun, as the haze files past in

different thicknesses.

1842, Aug. 17.—Barom. 288. Fine day ; sky clear at 2^.

Apparent Time.

2h gm. Neutral point seen both below and above the sun.

1842, Aug. 28.—A diffused haze came over a bright blue sky.

Apparent Time.

3h 49m_ Xhe neutral point below the sun was almost in the horizon, and Babinet's

neutral point near the zenith.

5 30 Sun invisible ; mist thick ; and the polarisation everywhere positive, and

very feeble.

1843, Feb. 13.--Barom. 29-7. Fine sky.

Apparent Time. Distance of Neutral Point from Sun.

Ih lOm 15° 0'

1843, Feb. 16.—Barom. 29-15. Fine sky.

Apparent Time. Distance of Neutral Point from Sun.

12'' 57°i 11° 25'

1843, April 30,—Barom. 3007. Not a cloud. Neutral points distinctly seen,

both above and below the sun.

Apparent Time.

4'* 15"*. Neutral point under the sun still above the horizon.

1843, June 15.—Barom. 30-03. Splendid day ; wind east.

Apparent Time. Distance of Neutral Point from Sun.

121' 13m 8° 10'

7 9 49

1844, May 3.—Barom. 30-15.

Apparent Time.

ll** 3™. The neutral point below the sun distinctly seen. In order to see it well,

I look at it perpendicularly through a plate of glass. The bands on

each side of it are increased in intensity, the bands above being reversed

.

When the sky is clear the neutral point under the sun approaches to the sun

as his altitude increases, and coincides with the sun's centre when he is in the

zenith.

As the neutral points of Arago and Babinet may be seen before the sun has

risen, and after he has set, they are comparatively distinct and limited in their

area ; but as the neutral point below the sun never can be seen unless when the

sui is shining, it has a less defined boundary and a wider area, owing to the

flood of light in which it is generally enveloped. Hence arises the great difficulty

of seeing it, and of detecting the form of the lines of equal polarisation which

surround it. For the same reason, we can hardly expect to see the secondary

neutral point, which must accompany it, when it rises or sets on a sea horizon in

a condition to produce that phenomena.
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On the Place ofMaximum Polarisation, and its Intensity.

Next in importance to the determination of the place and movements of the

three neutral points is the determination of the place and intensity of the maxi-

mum polarisation of the atmosphere.

In order to obtain these elements, a polarimeter, or instrument for measuring

degrees of polarisation, is required. M. Arago constructed a very ingenious

polarimeter, and I have described two forms of a polarimeter in the " Transactions

of the Royal Irish Academy for 1841;"* but these instruments are too complex

to be used from hour to hour during transient conditions of the atmosphere,

when observations must be made with great facility and quickness. I was

therefore obliged to use the following instruments.

1. Into one end of a tube 5 or G inches long and 1^ of an inch wide I inserted

a band polariscope, and in the axis of the tube I placed in a trough several

(six to twelve) well annealed thin glass plates with their surfaces inclined to the

axis of the tube at such an angle as to equal or compensate the average maximum
polarisation to be measured. This compensation was effected more simply b}^

adding or removing one or more plates when those in the trough had been pre-

viously placed at a fixed angle to the axis of the tube. It is obvious that, by

giving the pile of plates a motion in one plane so as to vary the angle of refraction

of the incident light, we should have an instrument for measuring all degrees of

polarisation. I preferred, however, to use a polarimeter, all the parts of which

were absolutely fixed.

In looking through this instrument we have a circular field SA, and when we

direct it to the region of maximum polarisation, with

the polarised bands parallel to SA, S being towards the

sun, we shall see an interruption in the bands somewhere

between S and A. If this interruption, or point of com-

pensation, is at the point 2 in SA, I call S2 the measure

of the maximum degree of polarisation at the time of

observation. After some practice, I had no difficulty in

estimating by the eye when the neutral line was at 1

or 1^, or 2 or 2^, without placing marks at I, 2, 3, &c.,

on a plate of glass at the end of the tube.

Having found that So Si S2, &c., corresponded with degrees of polarisation

measured by the rotation of the plane of polarisation, I thus had a measure of

the maximum polarisation of the atmosphere at the time of observation.

f

When it was necessary to measure very small degrees of polarisation, I pre

ferred using a polarimeter with a single plate, to one with a pile of plates

Fig. 4.

* Vol. xix. part ii.

t See Phil. Trans. 1830, pp. 69, 133, 145, 287, and Trans. Irisli Acad., vol. xix. part ii.



ON THE POLARISATION OF THE ATMOSPHERE. 233

receiving the light at very small angles of incidence. This instrument, shown in

the annexed figure, consists of two tubes of the same length, one of which, EFHG,

Fig. 5.

moves within the other ABDC. One plate of glass, EL, longer than AB, moves

round a joint at E the end of the tube EFHG, resting upon C the end of the tube

ABDC, so that when this tube EFGH is pushed in, the plate EL forms a greater

angle with the axis of the tube, and when it is pulled out a smaller angle.

Now, if AB = EF, BF will be = AE, the tangent of the angle ACE, AC being

radius, or of the angle of incidence of rays that fall upon EL parallel to the axis

of the tube. The degrees of rotation, R, therefore, of the planes of polarisation

produced by the refraction of the plate EL at different inclinations to the axis of

the tube may be calculated from the formulae

—

r

R = ^ - 45°, and

Cot. p = cos^. (i — i')
',

i being the angle of incidence, and i' the angle of refraction. The values of R,

the measures of the degrees of polarisation, being laid down on the tube EF, we
have a polarimeter which gives us direct measures of the polarisation of atmo-

spherical, or any other kind of polarisation, when it does not exceed the maximum
polarisation produced by the refraction of one plate. In this instrument the zero

of the scale is at F, and B is the index.

In place of one plate, EL, we may use two, three, or more plates, and thus

obtain a measure of all degrees of polarisation. If ?i is the number of plates, the

value of R will be as follows:

—

R = p- 45°,

Cot. <p = cos" {i— i').

In the instrument which I constructed the radius AC was 1-13 inch, or
33-9
~30" inch,

and the scale on FB was laid down from the following table, the index of refrac-

tion of the plate EL being 1-51.

Angles of Incidence i. Angles of Refraction t'. Rotation R. Length of Tangent.

0° 0° 0' 0'

30 19 20 1 0'655 inches

40 34 25 31 2 0-968

47 46 29 22 3 1-244

63 17 32 4 4 1-515

57 39 34 1 5 1-784

61 25 35 3 6 2-074
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Angles of Incidence i. Angles of Refraction t. Botation R. Length of Tangent.

64° 40' 36° 46' 7 2-386 inches,

67 29 37 43 8 2-726

70 38 29 9 3104
72 19 ^ 39 7 10 3-544

. By setting off the tangent 0-655 inch from the zero at F, we obtain the place

of 1° of rotation, and so on with the rest. The polariscope P is then placed at

the end FH of the tube.

Having observed the maximum polarisation of the atmosphere by the polari-

meter, and its place, we take its altitude A, and by means of the sun's altitude A',

observed or computed, we obtain the distance D of the place of maximum polari-

sation from the sun :

—

D = 180° - A + A'.

The following are all the values of D which I obtained. I have added the

values of R or the degrees of polarisation in the zenith and in the horizon, when

they happen to have been measured :

—

Observations in 1841.

Apparent Time. Values of D.
Rotation in

Zenith.

Rotation in

HorizoD.

April 28. S^ Qm 88° 16'
• • • • • •

5) 30. 2 5 79 15 ... * *•

May 17. 1 20 99 18^° 151°

June 6. 4 45 + 90 161 221

>) 9. 4 30 + 90 25^ 24^

J5
10. 10 39 92 35

95 10. 12 88 26 30 15' 29

Sept. 15. 10 18 88 4 27 261

Oct. 26. 4 30 93 28J^ 27^
Dec. 17. 9 7 A.M. Appt. +90 27 24^

}} 18. 9 9> time. + 90 28 27

Observations in 1842.

Apparent Time. Values of D.
Rotation in

Zenith.

Rotation in

Horizon.

Jan. 7. 9^ Om A.M. 120° Haze 241°

April 5. 6 58 + 90 3or 261

)»
20. 12 49 84 25 17

)> j> 2 25 86 25 19

)» )> 3 35 88 20' 25 • • .

» 55 4 32 90 27 17

9> 21. 11 90 23 * • •

JJ 5) 12 90 23

>> 59 1 10 90 25

J5 25. 1 17 90 26i

»J 26. 10 63 A.M. 90 29 • •

5> ?> 11 46 88 29

>) ?3 3 42 88 29 >

3) 27. 10 41 A.M. 87 29 • . •

J J
28. 11 34 A.M. 87 29 • •

»)
28. 1 50 55 88 29 • • •

)J
29. 1 34 55 87^ 29 ...

May 3. 11 29 55 89 20 • c.
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Omitting the three extreme values of D,—viz., 79° 15', 99°, and 120°,—the mean

of all the other values is 89° ; but, considering that five of the values of D are

marked as more than 90°, we may conclude that 90° is, in the normal state of

the atmosphere, the distance from the sun of the place of maximum polarisation,

and 45° the corresponding angle of incidence.

This determination of the place and angle of maximum polarisation affords a

highly probable explanation of the azwe colour of the sky. Sir Isaac Newton
considers this colour as a " Blue of the first order, though very faint and little,

for all vapours, when they begin to condense and coalesce into small

parcels, become first of that bigness whereby such an azure must be reflected."*

Professor Clausius considers the vapours to be vesicles or bladders, and

ascribes the blue colour of the first order to reflection from the thin pellicle of

water. In reference to these opinions the following facts are important :

—

1

.

The azure colour of the sky, though resembling the blue of the first order,

when the sky is viewed from the earth's surface, becomes, as observed

by Mr Glaisher in his balloon ascents, an '• exceedingly deep Prussian

blue'''' as we ascend to the height of five or six miles, which is a blue of

the second or third order.

2. The maximum polarising angle of the atmosphere being 45°, is that of air,

and not that of water, which is 53°.

3. At the greatest height to which Mr Glaisher ascended, namely, at the

height of five, six, and seven miles, where the blue is the brightest, " the

air is almost deprived of moisture."

Hence it follows that the " exceedingly deep Prussian blue" cannot be pro-

duced by vesicles of water, but must be caused by reflection from the molecules

of air, whose polarising angle is 45°. The faint blue which the sky exhibits at

the earth's surface, is therefore not the blue of the first order, and is merely the

blue of the second or third order rendered paler by the light reflected from the

aqueous vapour in the lower regions of the atmosphere.

Immediately after the values of D, I have placed the values of R, or the

degree of maximum polarisation, in order to show the relation between these

two quantities ; but as the values of D were taken only when it was convenient,

the numbers R do not show the maximum intensity of the polarisation of the

atmosphere, I have therefore selected the following from several hundreds

of observations recorded in my journal.

,, _,- Rotation in Rotation in
fllean Time. rz n u •

Zenith. Horizon.

1841, April 13. 7^ 32™ 32i°

„ 16. 7 37 32 29°

1841, May 14. 4 30 30-i 25

„ „ 7 10 301 281

* Newton's Optics. 3d Edit. Book ii. part 3. Prop. vii. p. 232. See also Prop. v. p. 228,

from which it would appear that by " small parcels" Newton meant solid globules of water.

VOL. XXIII. PART II. 3 T



236 SIR DAVID BREWSTER

Mean Time.

1842, May 14. 1^ 35"
1842, Sept. 29. 4 37

Very frequently the value of R was

Rotation in

Zenith.

301°

301
29

Rotation in

Horizon.

29°

The following observations show the changes which take place in the maxi-

mum polarisation in a few hours :

—

Mean Rotation Rotation Apparent Rotation Rotation

Time. in Zenith. in Horizon. Time. in Zenith. in Horizon

1841, May 12. 4h 12"> 301° 25° 1842, Dec. 24. 12 3 26^

J) >> )J 6 27 241
J' S5 )9

12 44 28

SJ J9 »9 7 10 301 281
)> !l 99

1 32 27 ...

)5 !) ?> 7 35 301 29 >> J> 99
2 24 29

>) J5 5J 7 45 281 281
»> >> 99 3 8 27^

Apparent Time » )) 99 3 39 291
1842, April 16. 6 23 Much less

'9 ?> 27. 11 48 261 ...

>> » J)
6 33 24 2li )1 )) 99

12 231 161

)> }) ))
6 59 27i 201

!) )) 99 1 45 24

55 >> )! 7 23 291 241
)5 ;» 99

2 35 27i
5) ;) )) 7 37 32 291

)> 19 99 3 15 29

M )1
20. 4 44 271 m '» )>

28. 11 38 29

JJ )) » 5 54 281
>) )> >' 11 48 27^ 18^

)) >) <) 6 53 28"
55 95 5? 11 58 27 18^

t> )J )5 7 1 291
99 55 J'

2 31 161! Hazy

)» >> 5> 7 24 30 1843, Feb. 16. 3 28 29i 241

„ Sept. 13. 5 58 291
55 )! 95

4 3 291 261

5S )) JS 5 31 29
59 99 55

5 4 30

3J >J )) 6 38 291

The great rotation, amounting to 32^" on the 13th April 1842 at 7^ 32"°, the

greatest ever observed, was occasioned by an unusually favourable state of the

sky. (See pp. 230 and 235.) I consider 30° as the maximum rotation in a normal

state of the sky.

Having, in a normal state of the atmosphere, fixed the locality of the three

neutral points, and determined the place and degree of maximum polarisation,

we have the means of ascertaining approximately the form of the lines of equal

polarisation, and of constructing a map of them when the sun is in the horizon.

In a paper published in Johnston's Physical Atlas, I have shown how this

may be done, and have given two projections of these lines—one on a plane

passing through the zenith of the observer, and perpendicular to the line joining

the observer and the sun, and the other on the plane of the horizon. These two

projections on a reduced scale, and without any of the numbers upon the larger

ones, are given in Plate XII. and in the Physical Atlas. It will be seen from

these projections that the lines of equal polarisation approximate to lemniscates.

like the isochromatic lines in biaxal crystals.

On the Polarisation of Clouds and Exhalations.

The polarisation of clouds and other vapours presents some interesting pbe

nomena, and should be studied in climates more genial than ours.

I
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On the 29th June 1850, at about 8^ 30" p.m., several reddish-white clouds

appeared in the south-west sky at different heights, and in the zone of maximum
polarisation. They were illuminated by the setting sun, and the sky around,

and of course behind them, was of a deep blue. Upon looking at one of these

clouds through Nicors prism, I found that its reddish-white light was polarised

in a plane at right angles to that in which the light of the sky was polarised.

When the sky was dark by the disappearance of the blue polarised light in one

position of the prism, the cloud was bright ; but when the sky was brightest in a

rectangular position of the prism, the cloud was of a dark blue colour.

July 15, 1850, 9^ 12°' p.m.—All the clouds to the east of the plane passing

through the sun and moon, between the south-west and south, are black seen

against the sky ; but when we view them with a Nicol's prism, so as to extinguish

as much as possible the polarised light of the sky, the clouds are white seen

against the dark sky. When the Nicol's prism is turned round 90°, they again

become black.

July 1, 1850, 8^ 30"° p.m.—A fine rainbow, with the secondary and super-

numerary bows, appeared in the south-east. When the bands of the polariscope

crossed either of the two bows at right angles, the bands at the intersection were

very brilliant. When the rainbows were invisible from the great faintness of

their light, they became visible, that is, the invisible portion became visible, when

crossed with the bands of the polariscope. This effect did not seem to be pro-

duced when the bands crossed the supernumerary bows.

When the sun shines upon a light transparent vapour interposed between the

observer and terrestrial objects, these objects are indistinctly seen through the

light reflected by the vapour. As this light is partially polarised, it may be

extinguished by a Nicol's prism, or a pile of thin plates of glass, or by reflection

at the polarising angle from a glass plate. The terrestrial objects are then seen

with great distinctness. This mode of obtaining improved vision of objects

imperfectly visible, or of seeing objects not otherwise visible, may occasionally

be of great use at sea.

On the Theory of Atmospherical Polarisation.

When the atmosphere is illuminated by the sun, his rays fall upon the aerial

particles which compose it at all angles of incidence. In the immediate vicinity

of the sun, where the angle of incidence is 180", there is no polarisation. The

polarisation increases with the angle of incidence, and becomes a maximum,

as we have seen, at about 90° from the sun. It now diminishes with the angle

of incidence, and becomes nothing at 180°, the point opposite to the sun.

At all these points the polarisation is said to be vertical, being in the vertical

plane passing through the sun and the observer.
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In addition to the vertical polarisation produced by the direct illumination

of the aerial particles, there must be an opposite polarisation by which the

neutral points are produced. M. Arago, M. Babinet, and, we believe, every

other writer on the subject, have sought for this counter-polarisation " in the

secondary illumination which the same aerial particles receive from the reflexion

of the rest of the atmosphere, which sends to them light polarised horizontally,"*

or oppositely to the light polarised vertically. That is, all the phenomena of

atmospherical polarisation are produced by the opposite action of two lights

polarised by reflexion, the one vertical, arising from the direct illumination of

the aerial particles, and the other horizontal, produced by a secondary illumina-

tion of the same particles b}' the rest of the atmosphere.

This theory of atmospherical polarisation, omitting all consideration of the

light polarised by refraction, never appeared to me satisfactory. There is no

evidence whatever that such a secondary reflexion exists, even in a perfectly

cloudless sky, and still less evidence that, if it did exist, it would be capable of

neutralising the light polarised by reflexion at considerable distances from the

antisolar point. It must be very feeble when the neutral point is about to dis-

appear at the close of twilight ; and as the polarisation by direct reflexion must

be visible when the secondary reflection ceases to be visible, this cessation ought

to be marked by a return of the neutral point to the antisolar point, the place

which it M'ould occupy were there no secondary reflexion.

Were the neutral points produced by a secondary reflexion, their distances

from the antisolar point and from the sun ought to be affected when the sk}^ is

more or less covered with clouds ; but though I have observed the neutral point

of Arago in a clear part of the sk}', I never observed that its distance from the

antisolar point was changed when the rest of the atmosphere was obscured by

clouds. ^

On these grounds I was led to the opinion that the neutral points must be

produced by the opposite action of two polarised lights which had nearly the

same relative intensit}^ and this opinion was strengthened by observations which

I had made on the polarisation of light by refraction and transmission through

piles of glass plates. In these experiments, published in the " Philosophical

Transactions" for 1814, I observed phenomena analogous to neutral points, that

is, the co-existence in the transmitted light of rays polarised by reflexion, and

rays polarised by refraction, but I did not observe the effect where the intensities

of these rays were such as to neutralise each other.

Guided by these views, I never doubted that the three neutral points in the

atmosphere, and the partial polarisation of the light which it reflects, are produced

by the opposite action of lights polarised by reflexion and refraction ; and con-

* Babinet, Comptes Rendus, &c. 1846. Tom. xxiii. p. 233.
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sidering the congeries of separate molecules which constitutes the atmosphere as

a rough or dispersing surface, I made a series of experiments on such surfaces

as were likely to act upon light in the same manner as the aerial molecules. In

these experiments, which have been already communicated to the Society,* I

found that such surfaces not only polarised partially the incident light, but pro-

duced neutral points, like those of the atmosphere, by the opposite action of

the rays which they polarised by reflexion and refraction.

* See page 205.
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XXII.

—

On a Pj'c-Brachial Stage in the Development of Comatula, and its im-

portance in relation to certain Aberrant Forms of Extinct Crinoids. By
Professor Allman. (Plate XIII.)

(Read 16th February 1863.)

While engaged last autumn in examining with a hand-lens the contents of

a phial into which I had transferred some of the refuse of the dredging-boats

employed in the oyster fishery on the coast of South Devon, my attention was

attracted by a minute organism which adhered to a fragment of one of the larger

Sertularidans. Under this low power it resembled somewhat a Campanularia,

with the polype expanded ; but, on being removed with a portion of the substance

to which it was attached, and placed in a glass trough under the compound

microscope, I found that it had closed up, and now resembled in form a cup

surmounted by a pyramidal lid, and supported on the summit of a long jointed

stem (Plate XIII., fig. 3). After it had remained for some time in this condition,

I observed the pyramidal lid begin to open by the separation of its sides, and

numerous long flexile appendages to'lssfue^from the cup (figs. 1 and 2).

I saw that I had now before me a remarkable crinoidal type, likely to be of

much significance in its bearing on the general morphology of the order, and

more especially interesting, as affording a key to the nature of certain extinct

genera of Crinoids. It is the object of this communication to give some account

of the points, which a very careful examination has enabled me to make out in

the only specimen which I was fortunate enough to obtain.

For convenience of description, the little Crinoid may be divided into the body

and the stem. The body consists of a calyx or cup-like portion, covered by a

pyramidal roof The calyx is composed chiefly of five large plates, very distinct,

and united to one another by simple suture. Between the lower edge of these

plates and the summit of the stem is a narrow zone, in which no distinct indica-

tions of a composition out of separate plates can be detected. Between the

upper angles of every two contiguous large plates there may, with some care, be

made out a minute intercalated plate ; there would thus be five of these little

intercalated plates, which, though by no means so evident as the five large

plates which alternate with them, are sufficiently so to leave no doubt of their

presence. The entire length of the body and stem is about ^vth of an inch, and

that of the body alone about g^jth of an inch.

The pyramidal roof which closes the cup in the contracted state of the

animal is composed of five large triangular plates, each supported by its base

upon the upper edge of one of the large plates of the calyx, and with the small

intercalated plates encroaching upon its basal angles. When the animal is
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retracted, the triangular plates become approximated to one another at their

edges, and then each will form the side of a pentangular pyramid. The height of

this pyramid is about equal to the depth of the cup, so that the entire body has

then somewhat the appearance of two nearly equal pyramids placed base to base

;

but when the animal is about to expand, the sides of the roof separate from one

another, and opening outwards like the segments of a calyx in an expanding

flower-bud, allow the flexile appendages already mentioned to come into view

;

and these, gradually elongating themselves, finally fall down gracefully over the

edge of the calyx (fig. 1).

Both the calyx and roof are solidified by the deposit in them of mineral

matter. The deposition, however, takes place in such a way as to leave a mul-

titude of minute spaces free from it, so that the whole presents a kind of reticu-

lated structure, which, while it is a characteristic echinodermal feature, adds

much to the elegance of the little Crinoid. The membranous basis in which the

earthy matter is deposited extends a little beyond the margin of the valve-like

plates of the roof, and by transmitted light may be seen forming also a narrow

transparent contour round the entire body.

Long flexile appendages, or cirri, have already been mentioned as rising out

of the calyx. These, in the expanded state of the animal, are thrown out between

the edges of the five diverging plates of the roof, and thence hanging down all

round over the calyx, afford an additional element in the beauty of our little

Crinoid. I have counted fourteen of these cirri, but they may be more numerous,

for it is very difficult to determine their exact number. They appear to be cylin-

drical, with a canal occupying their axis ; and as far as they can be traced back-

wards, they are seen to be furnished with two opposite rows of rigid setse or fine

blunt spines (fig. 4). Between every two opposite setse a transverse line may be

seen stretching across the cirrus, and indicating its division into tranverse seg-

ments. Of the base of the cirri I can say nothing. I have never succeeded in

getting a view sufficiently deep into the space included within the five roof-

plates, to allow of my tracing those appendages to their origin.

Besides the long extensile cirri now described, there is also an inner circle

of short, apparently non-extensile, appendages. It was only occasionally that

I succeeded in getting a glimpse of these; they appear to constitute a circle

of slightly curved rods or narrow plates, proba.bly five in number, which arch

over the centre, and are provided along their length with two opposite rows of

little tooth-like spines ; they seem to be articulated to the upper or ventral side

of the calyx by their base, and may be seen in a constant motion, which consists

in a sudden inclination upon their base towards the centre, followed immediately

by a resumption of their more erect attitude.

Our little Echinoderm is very irritable, and on the slightest annoyance the

cirri are suddenly withdrawn, and the valve-like plates of the pyramidal roof
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instantly closed down over them. In this retracted state it may remain for a

long time, wearying the patience of the observer, who may have to wait for hours

together before he can again obtain a satisfactory display of its structure.

The interior of the calyx is occupied by a reddish-brown visceral mass,

obscurely visible through the walls ; but I have not succeeded in obtaining a

glimpse of the mouth, nor have I been able to discover the anal aperture.

The stem consists of a column, composed of a pile of segments solidified, like

the walls of the body, by the deposit in them of earthy matter, and presenting

also the same peculiar reticulate structure. Three or four of the upper segments

are somewhat globular or bi-conical, giving a moniliform appearance to this part

of the stem, while lower down the segments become cylindrical. Those situated

near the middle of the stem have a prominent ridge running round their centre

;

while in those nearer the root the ridge disappears, and a simple line takes its

place. Indications of a differentiated axis are visible through the whole length

of the stem. The stem admits of slight flexure from side to side, and during life

the animal may be every now and then seen swaying through a small arc. The

whole of the stem is enveloped in a transparent membrane, which is particularly

distinct on the upper part, and is a simple continuation of that which has been

already mentioned as investing the body.

The multiplication of the segments in the stem seems to take place by the divi-

sion of the pre-existing ones, and this division seems indicated by the transverse

ridges which, in several of the segments, may be seen running round the centre.

In attempting to determine the exact affinities ofthe remarkable little organism

now described, an important question presents itself at the outset : Are we to

regard it as a mature form, or only as a transitional state in the development of

some other ? Everything tends towards the adoption of the latter view, and I

think there can be no doubt that the little Echinoderm now described is one of

the early stages in the development of a Comatula. That it had been seen by J.

V. Thompson seems evident, from his celebrated memoir on " Pentacrinus

Europseus,"* where some of the figures which accompany that memoir appear to

be made from an organism identical with that here described, though the want

of completeness in the description, and of sufficient detail in the figures, have

left this part of the history of Comatula in a very imperfect state.

Again we find what we must regard as the same organism, figured by Dujar-

DiN. This naturalist figures in plate i. fig. 13 of his Histoire Naturelle des Zoo-

phytes EcJdnodermes, a minute animal, which he observed at Toulon in 1835, and

which he considers as the young Comatula. at the commencement of its stationary

existence. I have no doubt that the distinguished French naturalist had before

* John V. Thompson, "Memoir on the Pentacrinus europseus." Cork, 1827-
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him, when he made his drawing, the little animal Avhich forms the subject of the

present paper, or at all events, the same phase of a nearly allied species ; but his

figure, while it gives a better idea of the form of the roof than Thomson's, throws

no light on the composition of the calyx, and is in other respects so deficient in

detail as to render it of little use in working out the relations and significance of

the little Crinoid.

Taking for granted, then, that the subject of the present paper is a pre-brachial

stage in the development of Comatula, it will hold an intermediate position be-

tween the free larvae described by Busch,* and the fixed Pentacrinus stage

described by J. V. THOMrsoN.f

A comparison of our larva with the adult Comaiula is full of interest. In

order, however, that this comparison may be made with advantage, it will be

necessary, in the first place, to endeavour to assign their true value to the several

plates which enter into the composition of the body-walls of the larva.

Now, the narrow zone which intervenes between the five large hexagonal

plates and the summit of the stem, corresponds undoubtedly to the centro-

dorsal piece which, in the adult Comaiula carries a set of articulated appendages.

Whether this piece is to be regarded as the homologue of the true basilar zone in

the typical Crinoidea, or rather as a modified superior joint of the stem, is a point

not immediately obvious. I entirely agree, however, with Johannes Muller, in

viewing the centro-dorsal piece in Comatula as a metamorphosed stem joint ; for

not only do we fail to detect in this portion of the calyx a composition out of

distmct plates, but, what is of more importance, it is from this very piece that

the articulated appendages are developed,—these being, as shown by the analogy

oi Pentacrinus, properly appendages of the stem.

If this be the true interpretation of the part in question, then the five large

plates, which are superimposed upon it in our larva, and which here constitute

almost the whole of the calyx, will correspond to the true basalia, which imme-

diately surmount the stem in such forms as Platycrinus, and the great majority of

the Crinoidea, while the five small plates intercalated between their upper angles

will represent radialia; for it is manifest, as shown by the larval Comatula in a

more advanced stage—for a preparation of which I am indebted to tlie kindness

of Dr Carpenter—that it is in the position of these little plates that the proper

arms will subsequently arise.

* Busch, "BeobachtungeniiberAnat. und Entwickel. einigerWirbelosen Seethiere." Berlin, 1851.

\ Thompson, loc. cit. Since reading the present paper, I met with an abstract of a paper on the

" Embryogeny of Comatula rosacea" by Professor Wyville Thomson, in the " Proceedings of the

Royal Society of London" for Feb. 5, 1863. In this paper Professor Thomson gives us the results of

a sei'ies of valuable observations in which he has traced the development of the larva beyond the stage

at which it was left by Busch, and has further elucidated its earliest stages. He has not, however,

ean-ied it up to the point which it is the object of the present paper to describe ; while the very

careful and complete researches of Carpenter, referred to below, would seem to start from a point a

little in advance of that here described.



m THE DEVELOPMENT OF COMATULA. 245

I believe this to be the correct view of the parts in question ; but if we should

prefer to regard the single centro-dorsal piece as representing a zone of coalesced

basalia, then we must view the five large plates rs parabasalia j for that they are

not radialia is manifest from the undoubted relations of the five small interca-

lated plates, which must still be considered as radialia, whatever interpretation

we give to the centro-dorsal piece.

The signification of the five large triangular roof-plates still remains to be

determined. Now, I have no hesitation in re- Pig. i.

garding these as iiiter-radialia greatly developed,

and, in consequence of the slight development

of the radialia, brought into contact with the

upper edges of the basalia, to which the}'^ are

united, not hy immoveable suture, but by a

moveable articulation. In accordance then with

these views, the analysis of the body of Coma-

tula in the pre-brachial stage, which constitutes

the subject of the present paper, will stand as in

the annexed woodcut, fig. 1.*

There is scarcely any more striking feature „, . ^ „ r, , m'' "J o Plan of the Fre-Brachial Uomatula.

in our young Comatula, than the long tentacula- c. Centro-dorsai Piece.

like appendages or cirri which, in the expanded
2 RadiaiiL 5

state of the animal, are protruded between the ?. inter-radiaiia,
. . 5

edges of the five roof-plates. A few of those ap-

pendages, in an imperfectly extended state, are shown in Duj.-^rdin's and Thomp-

son's figures above referred to. Though I have never succeeded in getting a

view of their bases, I would regard them as ambulacral feet greatly developed,

and otherwise peculiarly modified. Their general resemblance in structure to

the " tentacula," which lie in the ambulacral grooves upon the arms, pinnulse,

and disc of the more advanced Comatula, is quite in accordance with this view.

It is more difficult to give a satisfactory account of the long inflexible toothed

plates, which, in our larva, lie between the tentacula and the centre ; and I con-

fess myself unable to decide as to their real nature, for their structure seems

inconsistent with the idea of their being an internal series of modifiedcirri.

We are now prepared to institute a comparison between our pre-brachial

. Comatula and the adult animal. This comparison will show a composition alto-

gether different in the two cases. In the adult Comatula, the only distinct pieces

* Dr Carpenter informs me that lie has detected in an early stage of the larval Comatula, an
unsymmetrical " anal'' plate, which he regards as one of a first series of inter-radials (the rest of this

series being usually abortive), and which is afterwards lifted by the development of the anal funnel into

a much higher position. I have sought in vain for this plate in my specimen, and am of opinion that in

the stage to which this specimen belongs, the plate does not exist. It is quite possible, however, that

though it has here escaped detection, it may yet be found in specimens better suited for observation.
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which we find in the calyx are a large centro-dorsal portion, carrying the articu-

lated dorsal appendages, and the five radii, each composed of three radialia, the first

of which is directly attached to the centro-dorsal piece, while the third carries two
largely developed pinnulose arms. There is no trace of basalia, and no trace of

the fi.ve triangular roof-plates of the larva. It will be thus seen, that instead of

the five minute plates representing the radii in the larva, we have here the radii,

consisting each of three well-developed radialia, and constituting the principal

portion of the calyx, while the arras totally absent in the larva, are in the adult

so developed as greatly to exceed in magnitude the whole of the remaining

portion of the animal.

The composition of the calyx in our pre-brachial Comatula has a special in-

terest, when we view it not only in relation to that of the adult, but to that of

the typical forms of extinct Crinoidea. Its large and very distinct basalia show,

that in this early stage it is not alone in the presence of a stem that Comatula

approaches the typical Crinoidea, but that its calyx also, so different in the adult

from the calyx of the typical forms, is here constructed upon essentially the same

plan as that which we meet with in such genera as Platycrinus, which we may
regard as presenting the type composition of this part.* As no trace of distinct

basalia can be found in the adult Comatula, these elements must have either

coalesced with some of the others in the progress of development, or, what is

more probable, have been obliterated l)y the encroachment of the radii and centro-

dorsal piece.

f

In the fossil genus Solanocrinus, and in the living genus Comaster, founded

by Agassiz for the Comatula multiradiata of Goldfuss, though afterwards sup-

pressed by Johannes Muller, as founded on characters which he had not been

able to confirm in any living species, we have a Comatula in which five small

basalia alternate with the radii, but are not large enough to form a continuous

zone, separating the radialia from the centro-dorsal piece. Solanocrinus would

thus represent a stage in the development of Comatula before the basalia had

become entirely obliterated, and therefore intermediate between the subject of

the present paper and the adult.

A series of highly valuable, but as yet unpublished observations, have been

made by Dr Carpenter, on the development of Comatula, in which he has traced

the progress of the animal from a very early period after the first appearance of

the arms to its final detachment from the stem. • In the earliest of these stages, Dr

Carpenter has found the five roof- plates still present, and he informs me that

* It should be borne in mind, that while the basal zone of Platycrinus appears to depart from

the type, by having only three distinct basalia, these pieces easily admit of a further analysis into

the typical number five.

j" From a letter vehich I have received from Dr Carpenter since the above paragraph was

printed, I find that he has instituted a nearly similar comparison between the calyx of the young
Comatula and that of the adult typical crinoid.
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he has seen them in the progress of development finally disappear by absorption.

Dr Carpenter's observations, which set out from a stage a little in advance of

that of our larva, will doubtless throw much light on the steps which inter-

vene between the stage here described and the fully-developed Comatula ; they

are illustrated by a beautiful series of drawings and preparations, and it is

greatly to be desired that their author may not delay long in giving them to the

public.

One of the most interesting features in our little larva, is the light which it

seems capable of throwing upon the nature of certain extinct forms. The

description by Guettard,* in the middle of the last century, of a living speci-

men of Pentacrinus caput medusae, and the discovery by Thompson,! towards the

I beginning of the second quarter of the present century, that the ComoMlw, in

their young state, are stalked Crinoids like Pentacrinus, must be regarded as the

two grand steps in our knowledge of the morphology of the Ci'inoidea by which

we have been enabled to establish the relations which exist between the extinct

stalked forms and the dwellers in our present seas.

It is however the normal types of the fossil Crinoids that our knowledge of

the living forms has hitherto chiefly tended to elucidate; and there are still

numerous aberrant types, such as Haplocrinus, Coccocrinus, Stephanocrinus, &c.,

whose affinities can scarcely yet be regarded as in all respects satisfactorily deter-

mined. I believe that the little animal which forms the subject of the present

paper will help us towards a clearer conception of the relations of some of these,

and enable us to assign their true significance to certain points in their struc-

ture which have presented difficulties in the way of a satisfactory morphological

analysis.

The Devonian genus Haplocrinus will here at once suggest itself—so remark-

able by its tall pyramidal roof and rudimentary arms. In this genus, the summit

segment of the stem undergoes no metamorphosis, and the centro-dorsal piece of

Comatula is accordingly wanting, while the stem is immediately surmounted by

the basilar zone, consisting of five basalia. To this succeed the five radii, rendered

irregular by two of these radii consisting each of a single radiale, while the three

others are each composed of two radialia. Lastly, alternating with the radii, are

the five sloping sides of the pyramidal roof, and these I think must be recognised

as the exact equivalent of the five valve-like plates of the pre-brachial Comatula,

and therefore inter-radialia, here separated from the basalia by the greater deve-

lopment of the radialia ; for not only their position, but the discovery by Johannes

MiJLLER of rudimental arms in this genus, is inconsistent with Romer's view, that

' the roof-plates are the arms of Haplocrinus in a condition similar to that of the

* Mem. de I'Acad. Roy. des Sciences, 1755.

\ Memoir on the Pentacrinus europcBus, Cork, 1827; and afterwards in the " Edinburgh New-

Philosophical Journal," 1836.
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arms in Cupressocrinus. The following diagram, fig. 2, exhibiting an analysis of

Haplocrinus, will render the relations here insisted on more apparent.

Fig. 2. Again, in the singular Devonian crinoid

Coccocrinus, J. Miller, we have the roof in the

form of a depressed pyramid, composed chiefly

of five large pointed pieces, whose apices meet

in the centre, and which are also plainly inter-

radialia and homologous with the sides of the

pyramid M'hich forms the roof in IIiq)hjcrinus,

and in our larval Comatula, while five smaller

pieces, constituting a first series of inter-radialia,

are associated with them, as may be seen in the

annexed diagram, fig. 3.

In the genus Stephanocrinus (woodcut, fig. 4),

if we adopt the analysis given by J. Hall,*

who has had abundant opportunities of studying

this crinoid in the Silurian strata of the United

States, the inter-radialia will be represented by

the small triangular plates whose apical angles meet in the central point of the

roof, and by the large plates which meet the bases of these, and have their

sides prolonged vertically as five strong pyra-

midal spines which surround the margin of the

roof, and give its characteristic crown-like form

to this elegant little fossil ; while the calyx

will consist of a zone of three basalia, followed

b}' a zone of five large radialia, which support

the five small semicircular plates occupying the

margin of the roof, and constituting a zone of

distal radialia. The roof itself is completed by

five pairs of long narrow parallel plates which

alternate with the inter-radialia, and which

must be regarded as axillaryf plates. If, how-

ever, with RoMER we view the spine-like plates,

not as distinct elements, but as formed by

the prolonged angles of two contiguous radialia,

then the inter-radialia will be represented by

Plan of Haplocrinus.

L Basalia, ... 5

2. Radialia, . . . 3x2 + 2x1

3. Inter-radialia, . 5

Fipr. 3.

Plan of Coccocrimis.

1. Basalia 3

2. Radialia 5x2
3. Inter-radialia, . . 5x2

the five small triangular apical plates alone, t

* Pala?ontology of New York.

f The terra " axillary" is here used in the sense in which it is employed by de Koninck.

J I cannot, with Romer, Pictet, and Bronn, regard Stephanocrinus as a cystidian, a view

opposed not only by the numerical law of its parts, but by the structure of its roof, and the position

of its arms as determined by Hall, from which we must infer a considerable development for the
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From Stephanocrinus, the transition is not difficult to the remarkable genus

Fig. 4.

.•>^=

^

a

<3^

.^^^0. ^^.

P <%

Plan of Stephanocrinus.

1. Basalia, .... 3

2. Radialia 5

3. Inter-radialia, . . 5x2
4. Axillary, . . . . 5x2

Fig. 5.

Eucalyptocrinus, in which the roof is greatly

elevated, and is composed of five series of inter-

radial plates alternating with five series of

axillary plates, having the arms lodged in deep

grooves between them (woodcut, fig. 5). If the

arms and axillary plates were here suppressed,

and each of the inter-radial series simplified by

reduction in the number of its constituent plates,

we should have the portion which surmounts

the calyx, and gives so singular a physiognomy

to this curious Crinoid, presenting essentially

the same composition as in our larval Comatula.

In Eugeniacrinus, however, if we adopt the

very elegant synthesis of this genus as proposed

by QuENSTEDT,* WO must, instead of regarding

each of the five pieces which form the pyramidal

roof as an inter-radial, interpret it as an axillary piece inseparably united to the

last radial. The roof of Eugeniacrinus would thus have a different signification

from that of the roof in the larval Coma-

tula.

If in Eucalyptocrinus the inter-radial

series were suppressed,;while the axillary

series, simplified by the reduction in

number of their constituent elements,

were, as the others became suppressed,

correspondingly developed, so as to bring

their lateral edges into contact ; and,

finally, if the arms were liberated from

their adhesion to the roof,—this genus

would, so far as the characters involved in

the changes here supposed are concerned,

be converted intoaEugeniacrinus. While,

on the other hand, as we have already

seen, the lateral development of the inter-

radial series, and the entire suppression

of not only the axillary series, but the

arms, would so far convert it into the larval Comatula. Eucalyptocrinus thus

ambulacral zone, a character incoi sistent with cystidian morphology. Dujardin with more reason

places Stephanocrinus in his family of Haplocrinidce. The so-called ovarian pyramid of this genus
seems to me much more probably an anal orifice.

* Ueber ^M^em'acnm'ies caryop%Zia<ws in Neues Yahrbuch fiir Mineralogie, &c. 1855. P. 669.
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1. Basalia, 5

2. Eadialia 5x3
3. Inter-radialia, . . . 5x5
4. Axillary, 5x3
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occupies a middle place between'Eugeniaa^inus and Haplocrinus, passing on the

one side, by the suppression of the inter-radial series, into Eugeniacrinus, and on

the other, by the suppression of the axillary series, into Hajylocrimis and the pre-

brachial fixed larva of Comatida.

In the "Jahrbuch fiir Mineralogie" 1840, Hagenow describes, under the

name of Hertlia mystica, a small Crinoid from the White Chalk. The high

pyramidal roof of this little fossil, as figured by Hagenow, is one of its most

characteristic features, and presents so striking a similarity to the roof of our

young Comatnia, as to suggest the probability that its five triangular sides are

the horaologues of the parts which so closely resemble them in the latter animal

and in Hajjlocrinus. J. Muller, however, considers that the Hertha mystka is

only the centro-dorsal piece of a Comatida, with the first radialia still attached

and constituting the sides of its roof, a view which seems borne out by the

general structure of the fossil, though its remarkable form is certainly something

very different from anything presented by the same parts in the Comatuke of

the European seas. The discovery of additional specimens will probably clear

up some of the difficulties in the way of an entirely satisfactory solution of the

nature of this somewhat enigmatical little fossil.

De Koninck and le Hon (Recherches sur les Crinoides du Terrain Carbonifere

de la Belgique) describe, under the name of Lageniocrinus seminulum de Kon., a

minute carboniferous fossil which they regard as a transitional form between the

Platycrinidw and the Blastoidea. The body of this little fossil is in the form of

a pentahedral cup, crowned by a high pyi'amidal five-sided lid, quite destitute of

arms, and even without trace of surfaces which could have served as points of

attachment for arms which might have at one time existed.

If we adopt the interpretation of its composition as proposed by de Koninck,

we shall have a basis composed of three basalia (admitting, as in other similar

cases, of an easy analysis into the typical number five) ; while with these

there would alternate five radial series, each consisting of two radialia, all the

ultimate radialia converging towards the summit, in order to form the sides of

the roof If this be the true view, then, notwithstanding the striking resemblance

of Lageniocrinus to our larval Comatula, we must regard the roof of the latter as

formed upon an entirely different plan from that of Lageniocrinus. Adopting

DE Koninck's interpretation of the plates which enter into the formation of the

calyx, we may compare the five roof-plates to those which form the vertex in

Eugeniacrinus as described above, and therefore as properly axillary ; or the

flattened arms forming the roof of Cupressocrinus may also suggest themselves

as the true homologues of the roof-plates in Lageniocrinus. But it is also quite

open to us to regard the roof of Lageniocrinus as homologous with that of Haplo-

crinus or of our larva, only that in this case we must view the plates to which

DE Koninck assigns the place of first radialia as parahasalia, and we shall then
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have the sides of the roof taking the place of inter-radialia,—in other words,

having the exact value of the parts which so closely resemble them in the larval

Comatula, while the radialia are either not developed at all, or are so minute as

to have escaped notice in the fossil (woodcut, fig. 6). According to this interpre-

tation the formula of the composition of Lageniocrinus would stand as follows :

—

Basalia, .... 3 (two large and one small.)

Parabasalia, 5

Radialia, .... (or inconspicuous.)

Inter-radialia, . o

Arms, ....
Until we know more of the structure of this very rare little fossil, we shall be

at liberty to adopt either of the above inter-

pretations ; but it may be remarked that the ^'^- ^•

view taken of the composition of the calyx of

Lageniocrinus in the second of these interpre-

tations is exactly that which we must take of '' ^

the calyx of the larval Comatula, viewed apart v
^

7

from the roof, if, with certain authors, we con- x^^ '^j\ \ ^
'/\\

sider the centro-dorsal piece in Comatula as \. // '^

yTCjf^
*"'

\\
representing a zone of united basalia (see page '^^^'wx^T"^
245) ; for then the basalia, in my analysis of <C -/ ; \ >

the larva given above, will become parabasalia,

a view, however, which, from reasons already

stated, I am not disposed to adopt, and which

is not necessary for the comparison here in- pto/io/ Lageniocrinus.

Sisted on. l- Basalia 3

_-, ii'ir«ir-f r
!'• Parabasalia, o

Between our pre-brachial fixed Comatula
3. intei-radiaiia 5

and the Blastoidea, with their high pyramidal

five-sided roof, there is, on a superficial view, so strong a resemblance, that

we are at first tempted to consider them as both constructed on the same

plan. They have, however, really very little in common ; for although the inter-

radialia take part, sometimes largely {Elwacrinus) in the formation of the roof,

yet the so-called pseud-amhulacra^ with their singular and complicated structure,*

and the system of ovarian apertures, seem to place the Blastoidea in a group so

widely distant from Comatula as to afford but few points of real agreement with

our larva.

With Cwpressocrinus also, so very remarkable by its tall pyramidal shape,

the resemblance is only apparent, the sides of the roof-pyramid in Cupressocrinus

belonging without doubt to the radial, and not to the inter-;radial system of the

Crinoid.

* See RoMER, Monographie der Blastoideen. Arcliiv. f. Naturg. 18.50.
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I do not think that the little animal which forms the subject of the present

paper will throw much light on the nature of the Cystidea, though in some

respects it reminds us of them. It is true that its long tentacula-like appendages

forcibly recall by their position the arms, more or less strong indications of which

have been shown by the observations of Volborth, Ed. Forbes, and J. Muller,

to exist in probably all Cystidea. The long cylindrical appendages described by

Volborth in Echino-encrinus angulosus, and E. striatus, and by Forbes in

Prunocystites, will more especially occur to us in this comparison. No homological

identity, however, can be admitted between the two sets of organs ; for while the

arms of the Cystidea are referable to the same category as those of the ordi-

nary crinoids, and have a well-developed calcareous skeleton, the cirri of the

young Comatida belong to the ambulacral system. The chief point of resem-

blance lies in an apparent identity of position ; but it will be remembered that

an essential character in the Cystidea is the reduction of the ambulacral zone to a

minimum, with the expansion of the antambulacral zone to a maximum. Now,

just as in the ordinary Crinoids, the arms of the Cystidea are situated upon the

boundary between these two zones, and their origins are therefore, by the

reduction of the ambulacral zone, necessarily carried inwards towards the vertex

;

while in the pre-brachial larva of Comatida, the ambulacral zone is well de-

veloped, and the cirri arise not from its peripheral boundary, but within this

boundary, from an area immediately surrounding the mouth.

Description of Plate XIII.

Pre-Brachial Comatula greatly enlarged.

Fig. 1. The animal with its roof-plates fully expanded, and the cirri extended from between their

edges.

2. Outline of the same animal, in the act of expansion.

3. Outline of the same with the cirri entirely withdrawn, and the roof-plates closed,

4. The extremity of a cirrus still more magnified.

5. Outline of the body looking down upon it from the vertex.
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XXIII.

—

Some Account of the Recent Progress of Sanskrit Studies. By J. Muir,
'

Esq., D.C.L., LL.D.

(Read 16th February 1863.)

In compliance with the desire which the Council have done me the honour

to express, I have drawn up the following account of the recent progress and

present state of Sanskrit studies, prefixing such an outline of the earlier history

of these researches as may serve to complete the review, and render it more easily

intelligible.

In this sketch I do not profess to communicate anything new, but merely seek

to present such a summary of the results already obtained, as may convey to

those who have not bestowed any special attention on the subject some idea of

the character and afl&nities of the Sanskrit language, and of the nature and con-

tents of Indian literature, as well as of the advances which have of late years

been made in the principal branches of the study.

The ancient Greeks and Romans possessed a considerable amount of acquaint-

ance with the institutions and opinions of the Hindus. The writer from whom
their knowledge was principally derived was Megasthenes. In the course of his

journey through northern India, and his residence as the ambassador of Seleucus

NicATOR at the Court of King Sandkacottus, in the beginning of the third

century b. c, this author made it his business to collect such information as he

could obtain in regard to the country and its inhabitants. Though we have to

regret the loss of the original work in which he embodied the results of his

researches, yet in the extracts from it which have been preserved by other

writers* we find a description of the physical features and productions of India

;

of the manner and customs of the people ; of the administration of government

;

of the system of castes ; of the learned men, whom he states to have been divided

into two classes, the Brachmanse and the Sarmanse ; of the philosophical discus-

sions and lectures of the former, their doctrine that death is but the beginning

of life, that nothing earthly is either good or bad,f that the world is created

* See Schwanbeck's Megasthenis Indica. Bonn, 1846.

f The religious character of the Indian philosophy is referred to in a story told by Aris-
TOXENus the musician, as reported by Aristocles the Peripatetic (Eusebius, prsep. Evang., xi.

3, 8). The story (for the truth of which, however, Aristoxenus does not vouch) is to the effect,

that an Indian who had met Socrates at Athens, and had been told by him, in answer to a question

he proposed, that the proper object of philosophy was human life, rejoined, with a scornful laugh,

that no one could understand human things who was ignorant of things divine.
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said that the second chapter of the first book " refute la fausse idee que les

faux Veds donnent de la Divinite." The " Faux Veds" are also spoken of again.

In page 22, Mr Ellis remarks, that the Sanskrit portion of the particular MS. to

which he is there referring contains many alterations and variations of reading

in the same hand, either inserted in the margin or interlined. These various

readings sometimes correct, sometimes alter the sense, and are such as an author

only would make in an original work. In page 30 Mr Ellis writes thus, in

regard to the author of these works :
" There prevails among the more respectable

native Christians of Pondicherry an opinion, on what authority founded I know

not, that these books were written by Robertus de Nobilibus* This personage,

of the Society of Jesus, and the founder of the Madura Mission, long the most

flourishing of any that ever existed in India, is well known, both by Hindus and

Christians, under the Sanskrit title of Tatwa-bodha-swami, as the author of

many excellent works in Tamil on polemical theology." Both of his works,

entitled " Atma-nirnaya-vivecam," and " Punarjanma akshepa," "in style and

substance greatly resemble the controversial part of the pseudo-Vedas ; but these

are open attacks on what the author considered false doctrines and superstitions,

and no attempt is made to veil their manifest tendency. The style adopted by

RoBERTUS DE NoBiLiBUS is remarkable for a profuse intermixture of Sanskrit

terms ; these, to express doctrinal notions and abstract ideas, he compounds and

recompounds with a facility of invention that indicates an intimate knowledge of

the language whence they are derived ; and there can be no doubt, therefore, that

he was fully qualified to be the author of these writings. If this should be the

fact, considering the high character he bears, and the nature of his known works,

I am inclined to attribute to him the composition only, not the forgery, f of the

pseudo-Vedas." Mr Ellis supposes that, after the substance of these works had

been composed by Robertus de Nobilibus, they were re-arranged, furnished

with introductions and titles, copied in the Eoman character, and translated into

French, by some other person. But whoever may have put these so-called Vedas

into their existing shape, there appears to be no doubt whatever that they were

originally composed by a European missionary. And even if we were to suppose

that they were composed by a native scholar under a missionary's superintendence,

this fact alone would more than suffice to prove that the existence of the Sanskrit

language and literature was well known to the members of the Roman missions

at the early period in question.

The systematic and continuous study of Sanskrit by Europeans dates, how-

* Robert de Nobilis, a near relation of Pope Marcellus II., and nephew of Cardinal Bel-

LA.RM1N, founded tlie Madura Mission about the year 1620.
j- Dr Mill does not agree with Mr Ellis in exonerating Robertus de Nobilibus fi'om all

share in the forgery, inasmuch as he (or the original author, whoever he was) puts Christian senti-

ments into the mouth of Hindu sages.—Preface to " Christa Sangita," p. vii.
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ever, only from the last quarter of the last century, when it began to attract the

notice of Englishmen in Calcutta. In the course of the inquiries instituted by

British statesmen, immediately after the conquest of Bengal, into the condition of

the remarkable people who had fallen under English sway, and into the means of

promoting their good government and welfare, attention was speedily directed to

their sacred language and literature, as the main source from which authentic and

satisfactory information must be drawn in regard to their laws and institutions

;

and more especially, as the Government had adopted the equitable principle that

the civil rights of the Hindus should be adjudicated according to their own laws,

it was soon perceived to be necessary that these laws should be studied in the

original sources. The first step taken for this purpose was to procure a compila-

tion from the principal institutes of Indian jurisprudence, which was drawn up by

native jurists. This was next translated into Persian, at that time the language

of public business in Bengal ; and from this version an English translation was

formed by Mr Halhed, and published in 1776. Not content with knowledge

thus obtained at second hand, Sir William Jones, Judge of the Supreme Court

of Judicature, who had been distinguished before his arrival in India by his

attainments in other branches of Oriental literature, devoted himself to the study

of Sanskrit, and rendered the Institutes of Manu from that language into Eng-

lish. This work was published at Calcutta in 1794. The Indian studies of Sir

William Jones were not, however, by any means confined to the subject of juris-

prudence, but extended to Sanskrit literature generally ; and he was the first to

draw attention to the Indian drama, one of the most beautiful productions of

which, the Sakuntala, he translated. This translation was published in 1789.

The Bhagavad Gita, a philosophical, or rather a theosophic, episode from the

great epic poem the Mahabharata, had been published at even an earlier date

by Mr, afterwards Sir Charles, Wilkins, to whom we also owe a valuable San-

skrit grammar, which appeared in 1808.*

The next great name in Sanskrit literature is that ofMr H. T. Colebrooke, who

made many most important contributions to our knowledge of the Vedas, of

Hindu law, poetry, algebra, astronomy, and finally, of the Indian philosophical

systems. These contributions, to some of which I shall have occasion to return

further on, were commenced in 1795, and continued till 1827.t The late Mr
H. H. Wilson, Boden Professor of Sanskrit in the University of Oxford, first came

* The first grammar of Sanskrit in a European language was publislied by a Carmelite monk,
JoHANN Philip Wesdin, better known as Paulinus a Santo Bartholom^o, at Ilome, in 1790. See

Muller's " Lectures on the Science of Language," p. 149 ; also Professor Wilson's paper in the
*' Proceedings of the Philological Society," vol. i. p. 1 6, where it is said that a second, more copious

and correct, grammar was published by Paulinus n 1804.

I For an account of Mr Colebrooke's career, see the Notices of his Life by his son, Sir E. T.

Colebrooke, the present ]M.P. for Lanarkshire, in the Journal of the Royal Asiatic Society, No. IX.,

for August 1838.
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before the public as an Orientalist in his translation of the Meghaduta, a poem of

Kalidasa, in 1813. He subsequently compiled an extensive and most valuable

Sanskrit-English Dictionary, of which the first edition appeared in 1819, and the

second, greatly enlarged and improved, in 1832. This is the only complete San-

skrit Lexicon which we yet possess ; and though it by no means comes up to the

modern standard of lexicography, gives but a very imperfect explanation of philo-

sophical terms, and includes few, if any, of the numerous obsolete words which

are peculiar to the Vedas, it is yet a work without which Sanskrit studies could

never have attained their present flourishing condition. In 1 840, Professor Wilson

published his translation of the Vishnu Purana, a system of ancient Hindu mytho-

logy and tradition. His last great work was his translation of the Rigveda, of

which three volumes appeared from 1850 to 1857, while the remainder is still

unpublished. He also contributed to different journals a large number of mis-

cellaneous dissertations on various branches of Indian literature, a collected

edition of which is now in course of publication.* Among the later English

cultivators of Sanskrit I may mention Dr Ballantyne, Professor Fitzedward

Hall (who, though an American, was in the Educational service of the British

Government in India), Professor Monier Williams, and Mr C. B. Cowell.

Meanwhile, the new language and literature which had been brought to light in

the East, had from an early period in this century attracted the attention of Con-

tinental scholars, who found in it a most congenial object of study, and an ample

field for the exercise of their industry and acuteness. Of these the most eminent

names are those of Chezy, Burnouf, and Regnier in France ; the Schlegels,

Bopp, Lassen, Rosen, Stenzler, Bohtlingk, Roth, Benfey, Pott, Max Muller,

GoLDSTUCKER, Weber, Aufrecht, Haug, and others in or of Germany; and

Westergaard in Denmark. I must also add to these foreign names that of

professor Whitney in America.

I think I am doing no injustice to our own countrymen when I say that by

far the greatest and most important advances which have of late been made in

our knowledge of Indian antiquity are due to Continental scholars. It is to Bopp

that we owe the Comparative Grammar of the Indo-European tongues, in which

the relations of Sanskrit to the languages of the West are exhibited, and the

principles of comparative philology are expounded. It was Burnouf of Paris

who led the way to an accurate knowledge of the Zend language and literature,

and who, by a laborious study of the voluminous MSS. sent to Europe by

Mr B. H. Hodgson, first threw a clear light on the rise of Buddhism, and on the

history and doctrines of its founder.f It was the young German scholar Rosen

* For an account of Professor Wilson's career, see the Annual Report of the Royal Asiatic

Society for 1860, pp. ii. ff. in the Journal of the Society, vol. xviii. part i.

•f For a sketch of Burnouf's labours, see the Annual Report of the Royal Asiatic Society for

1853, in vol. xv part i. of the Society's Journal.
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who first pointed out the importance cf a careful study of the Vedas for a correct

insight into the early history of the Hindus, and by his translation of the first

portion of the hymns prepared the way for the subsequent researches by which

his countrymen Roth, Benfey, Muller, and Aufrecht, have begun to elucidate

the true meaning and significance of those ancient records.*

It is with the Vedas that the most eminent foreign scholars have of late years

chiefly occupied themselves; and there is no. doubt that they have acted wisely

in giving this direction to their researches, as a knowledge of these ancient works

is indispensable to the right comprehension of all the later developments of the

Hindu mythology and institutions.

Having thus briefly noticed the earlier stage of Sanskrit studies, I shall now

give some account of their more recent advances.

As it is mainly from an examination of the Sanskrit language, when compared

with the classical tongues of the West, that we are able to form any conception

of the earliest history of the Hindus, I shall first say something of the language.

It is thus characterised by Sir W. Jones, in words which have been often re-

peated :

—

" The Sanskrit language," he says, " whatever may be its antiquity, is of a

wonderful structure ; more perfect than the Greek, more copious than the Latin,

and more exquisitely refined than either
;
yet bearing to both of them a stronger

affinity, both in the roots of verbs and in the forms of grammar, than could

have been produced by accident ; so strong that no philologer could examine all

the three without believing them to be sprung from one common source, which

perhaps no longer exists."

We need not inquire whether or not the Sanskrit is really, as Sir W. Jones

affirms, " more perfect than the Greek." But his assertion that the former lan-

guage possesses a strong affinity, both in roots and forms of grammar, to the

Greek and Latin, is one which has been fully verified, and rendered more positive,

by later researches. The investigations of Professor Bopp and his school have now

shown that the affinity extends to a large number of roots and forms of inflexion,

between which no mutual relationship had been at first suspected to exist. By
tracing the different steps by which words have, in the long course of ages, been

gradually modified, and by pointing out the laws according to which certain

letters vary in these three languages respectively {i.e., how, in some cases, a par-

ticular letter in Sanskrit is always or commonly represented by such another

letter in Greek, and by such a third letter in Latin), these scholars have been

able to establish the affinity of numerous words, the connection of which had

been previously obscured by their apparent dissimilarity. And not only has it

* See the Notice of his Life prefixed to his edition, and Latin translation, of the first book

of the Rigveda. London, 1838.
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thus been made clear that the connection of Sanskrit with Greek and Latin is

even more intimate than had at first been imagined, but it has been further shown

that these three languages are united to the old Persian, the Teutonic, the Sla-

vonian, and perhaps the Celtic, tongues, by radical and structural resemblances

which prove that they all belong to the same stock.

But, as a rule, affinity in language proves affinity in race. It is true that this

proposition does not hold good in all circumstances. It sometimes happens that

a superior and conquering race imposes its language on an inferior nation, which

thenceforward employs a form of speech either entirely or partially distinct from

that of its ancestors. But there is no reason to suppose that those tribes, them-

selves warlike, enterprising, and comparatively civilised, which conveyed to India,

to Persia, and to the shores of the Mediterranean, respectively, the earliest forms

of the Sanskrit, Persian, Greek, and Latin dialects, were at the commencement

of their history subjected to any such action of alien races as could have robbed

them of their hereditary languages. AVe may therefore presume, with every ap-

pearance of reason, that these several tribes carried with them to their new homes

the same forms of speech as had been employed by their forefathers, with no

greater modifications than are wrought in all languages by the lapse of time.

Assuming, then, in the absence of any evidence to the contrar}^ that, in the case

before us, affinity in language proves affinity in race, we may fairly conclude that

the Sanskrit-speaking Hindus, the Persians, the Greeks, the Romans, the Teu-

tonic and Slavonian nations, are all descended from the same stock. The common
ancestors of these various races must of course have spoken one common language,

now long extinct, from which the several cognate idioms, Sanskrit, old Persian

or Zend, Greek, Latin, and so forth, were offshoots. By no other supposition than

this of such common ancestors, using such a common form of speech, can we

account for the relations which we find to exist between those different languages.

The country occupied by the common ancestors of the nations in question appears

to have been Central Asia. This is the conclusion to which the most intelligent

scholars have been conducted by considering the positions which the different

races speaking the cognate languages severally occupied at the dawn of history.

As at that early period we discover the Sanskrit-speaking race in India, the

Zend-speaking race in Persia, the Greeks and Latins in Southern, and the Teu-

tonic tribes in Central Europe, it is most natural to suppose that these various

nations radiated, in the direction of their several homes, from a central point more

or less nearly equidistant from those different countries ; and this condition is

best fulfilled by Central Asia, the region which I have named.

This theory, when applied to the forefathers of the Hindus, implies that they

immigrated into India from the north-west ; and this conclusion is strongly con-

firmed by the fact that the geographical references in the oldest part of Indian

literature, the hymns of the Rigveda, indicate that at the early period when they
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were composed, the Indian people were dwelling in the north-western part of

India, the Punjab, while the later literature enables us to trace their gradual

progress from that position onward to the east and south.

Sanskrit is found in its oldest known form in the Rigveda, the hymns of

which are with good reason conjectured to have been composed during a period

not less than from 1200 to 1400 years b.c. The language, as it is exhibited to us

in these hymns, is characterised by Mr Colebrooke (Essays, i. 309) as " a

rustic and irregular dialect
;

" and differs in its grammatical forms from the later

Sanskrit (as it existed in its ultimate development above two thousand years

ago) much more than Homeric does from Attic Greek. In the Brahmanas, the

class of works which follow next in order of time after the Vedic hymns, but

which are removed from the oldest of them by an interval of several centuries,

we find that the language has changed, and approaches considerably nearer to

the later Sanskrit. At the period when the hymns were composed, there is no

doubt that Sanskrit was a spoken idiom.* For, first, it is inconceivable that in

* In the present state of pliilological science, the speculations of Dugald Stewart on the origin

of the Sanskrit language are not likely to meet with many defenders ; but as the views of this eminent

philosopher must always possess a certain interest in the country where he so long flourished,

and attained so high and well deserved a reputation, I shall briefly allude to his theory on this

subject. His supposition is (see Sir W. Hamilton's coll. ed. of his works, vol. iv. pp. 77-115;
and vol. i. pp. 425-427) that "in consequence of the intercourse between Greece and India,

arising from Alexander's conquests, the Bramins were led to invent their sacred language," for the

purpose of expressing the new ideas which they had received, and of concealing " from the other

Indian castes their philosophical doctrines, when they were at variance with the commonly received

opinions" (p. 83). He thinks that "with the Greek language before them as a model, and their

own language as their principal raw material," they could have no difficulty in " manufacturing a

different idiom, borrowing from the Greek the same, or nearly the same system, in the flexions of

nouns, and conjugations of verbs, and thus disguising, by new terminations and a new syntax, their

native dialect. If Psalmanazar was able to create, without any assistance, a language of whicii

not a single word had a previous existence but in his own fancy, it does not," Stewart proceeds,

" seem a very bold hypothesis, that an order of men, amply supplied with a stock of words applicable

to all matters connected with the common business' of life, might, without much expense of time and
ingenuity, bring to systematic perfection an artificial language of their own, having for their guide

the richest and most regular tongue that ever was spoken on earth ; a tongue, too, abounding in

whatever absti'act and technical words their vernacular speech was incompetent to furnish" (p. 84).

He also explains that although he had supposed " the first rude draught of the Sanskrit to have been

formed soon after Alexander's invasion had introduced the learned in India to an acquaintance with

the Greek language and philosophy, this supposition was not meant to exclude other languages from

having conti'ibuted their share to its subsequent enrichment. The long commercial intercourse of

the Romans with India, both by sea and land, accovmts sufficiently," he considers, " for any affinity

which may subsist between Sanskrit and Latin." The arguments by which Stewart endeavours to

sustain this theory may be consulted by the reader for himself. The whole discussion furnishes a

curious illustration of the mistakes into which acute and ingenious men may be betrayed when they

attempt to theorize upon subjects with the details of which they are imperfectly acquainted, and at

a period when the principles which ought to govern the investigation have not been sufficiently de-

veloped or recognised. It appears from a note of his editor, p. 115, that Mr Stewart subsequently

elaborated his speculations on Sanskrit in a treatise which he left in manuscript, but which Sir W.
Hamilton did not think it right to publish, as the hypothesis, however ingeniously supported, was
contrary to the " harmonious opinion now entertained by those best qualified to judge," and beset

with many " difficulties appearing insuperable." Stewart's views have been discussed by the late

Professor H. H. Wilson, in a paper which is to be reprinted in the new edition of his works now in
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that early age a learned and sacred language should have existed alongside of

the current vernacular dialect. In order to fulfil their intended purpose, as ex-

pressions of the devout sentiments of the worshippers who used them, the hymns

must have been intelligible not only to the priests and chiefs, but also to the

people in general. And, secondly, it is only by supposing that the Sanskrit of

the hymns was a spoken idiom that we can account for the gradual modifications

which it afterwards underwent. At length, however (at a period which cannot

now be settled with any precision, but which must l)e placed several centuries

before the beginning of our era), Sanskrit ceased to be spoken, and it continued

thenceforward fixed in the form which it had at that period taken, and in which

it was exhibited in the standard works of that age. The vernacular dialect by

which it was at first succeeded, arose, no doubt, gradually, out of populai- modes

of pronunciation, and differed little from the original language, of which it pre-

served, with some modifications, the principal forms of declension and conjugation.

This we see in the earliest Indian vernacular idiom which has come down to us,

the Pali, which, as it was the prevailing form of speech at the time when the

founder of the Buddhist religion flourished, and was employed by him for the

propagation of his tenets among his countrymen, has been preserved in the sacred

books of that religion discovered in Ceylon. This dialect differs from Sanskrit

very much in the same way as Italian differs from Latin, and many of the com-

plex sounds of the Sanskrit are softened down in Pali in precisely the same

manner as similar sounds in Latin are modified in Italian. Thus the Sanskrit

words muktas, hhuktas, suptas, guptas, become in Pali mutto, hhutto, siUto, and

gutto, just as the Latin jjerfectus, fructus, r-uptus, actus, become in Italian perfetto,

frutto, rotto, atto ; and so on in a number of other parallel cases. The Pali was

followed by various provincial dialects, called Prakrits, which continued to diverge

more and more from the Sanskrit, and from one another,—gradually dropping the

modes of inflection proper to the parent tongue, and supplanting them by separate

connecting particles,—till at length they issued in the modern vernacular idioms

known as the Hindi, Bengali, Gujarati, Marathi, &c. The languages of the south

of India—Tamil, Telugu, Canarese, Malayalim—belong to a quite distinct family.

They are not, like the north Indian vernacular tongues, derived from Sanskrit, but

are (especially the most pure and perfect of them, the Tamil) completely inde-

course of publication by Messrs Triibner & Co. See also the Quarterly Review, vol. liv. p. 299.

On this theory I may shortly remark, \st, That unless the views of all the most competent scholars,

such as CoLEBROOKE, WiLsoN, Max Muller, Goldstucker, Aufrecht, &c., in regard to the age of

the Vedic hymns, are grossly erroneous, the Sanskrit language must have existed for at least eight

hundred or a thousand years before Alexander invaded India ; and this language, as it existed at

that early per\od, exhibits, in quite as distinct a manner, all those affinities in roots and structure,

with Greek and Latin, by which it was distinguished at a later period. 2dly, That the vernacular

language—which, according to the best evidence we can obtain, existed at, or even before, the time of

Alexander (I mean the Pali)—in its structure presupposes the prior existence of Sanskrit quite as

necessarily as the forms of the Italian presuppose a Latin language out of which it arose.
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pendent of it, though they have begun to admit Sanskrit words in a more or less

altered shape, from the period when the Sanskrit-speaking races first penetrated

into the southern parts of the peninsula. From this fundamental difference of

language we are led to conclude that the people of the south must belong to a

different race from the Sanskrit-speaking inhabitants of the north of India, and

that they were probably driven southward by the northern invaders soon after

the entrance of the latter into Hindostan from the north-west.

I now pass from the language to the literature. This literature is of great

extent, and ranges over a period of three thousand years. It comprises large

collections of ancient hymns, liturgical treatises, theological tracts, voluminous

legendary and mythological poems, various systems of philosophical speculation,

numerous works on grammar, law, medicine, algebra, astronomy, astrology, and

a long list of dramatic and other poetical compositions. This literature presents

in certain respects a general likeness to that of Greece, but the points of dissimi-

larity are greater than those of resemblance. Philosophical speculation, mathe-

matical and astronomical science, have been cultivated in both countries. Epic

and dramatic poetry, too, are found in India as well as in Greece, though the

frequent exaggeration and extravagance of the Hindu conceptions stand in most

unfavourable contrast to the harmony and just proportion which distinguish the

creations of the Greek imagination. But there is another respect in which the

two literatures differ remarkably from one another. In Greece the earliest poetry

was mainly epic, whilst in India it was of a lyrical character. Instead of ballads

recounting chiefly the exploits of warriors (though without excluding mythology),

as in Greece, we find in India large collections of hymns celebrating almost ex-

clusively the praises of the national deities, and destined to be employed in their

worship. These hymns are succeeded by ritual treatises prescribing the order of

sacrifice, and by theological tracts, for all of which a divine authority is claimed.

There is nothing in Greek literature which presents any parallel to this. A
further difference is, that whilst in Greece epic poetry comes first in order, is

written in the oldest extant form of Greek, and represents to us the Hellenic

mythology in its earliest known phase, the same description of poetry appears in

India at a different epoch, long after the age of the hymns, and, unlike the latter.

is composed in Sanskrit, which, with the exception of a few obsolete grammatical

forms, is of the most modern character ; while at the same time the mythology

and the religious institutions which it brings before us are far more advanced

than those which we discover in the hymns. These Indian epics combine in

some degree the characteristics of the Homeric poems with those of the theogony

of Hesiod, but both of these elements assume in the Hindu works a far greater

magnitude, and a luxuriance which runs into extravagance ; and in the course of

ages, one of them, the Mahabharata, has swelled, by gradual accretions, to an

enormous "bulk.
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As it would be impossible to compress within any moderate compass an

account of the various productions of the Indian intellect which I began by

enumerating, I must confine myself to those which are most characteristic and

important.

The hymns of the Veda are, as we have already seen, the oldest part of Indian

literature.* The word Veda is a general term, including all the most ancient and

most sacred of the Hindu writings,—those which they regard as alone inspired

and infallible in the proper sense. According to the native definition, the Veda

consists of two divisions,

—

Mantra and Brahmana. The Mantras are the hymns,

the most original and most essential part of the Veda ; while the BrUhmanas are

liturgical works which prescribe the various forms of sacrificial worship, and

explain the mystical meaning of many of the rites.

There are four collections of hymns, entitled respectively the Rik, Sama,

Yajur, and Atharva-sanhitas. The principal and most important collection is

that of the Rigveda. It consists of about a thousand hymns, which in the 8vo

edition of Professor Aufrecht, printed in the Roman character, fill above 900

pages. Professor Max Muller, in his lately published history of ancient San-

skrit literature (the most important work in this department which has yet

appeared), states the period of the composition of these hymns conjecturally, as

ranging from 1200 to 800 years before Christ ; and the opinion of most Sanskrit

scholars is that this estimate of their antiquity probably falls short of the truth.

No competent investigator can for a moment doubt that these hj^mns are genuine

remains of Indian antiquity, and anterior in date not merely to any other of the

Hindu writings, but also to any other existing literary monuments of the Indo-Ger-

manic race. This is proved beyond all question, not only by the archaic forms of

the language, and by the number of peculiar words, afterwards disused, which they

contain, but also by their contents, which represent to us a simple and inartificial

condition of society, and display the mythology, and the sacerdotal and religious

institutions of the Hindus in their most rudimentary form. The period during

which these hymns were composed extends, no doubt, over several centuries.

This is shown both by the probabihties of the case, and also by the fact that

reference is made in various passages to newer and older hj^mns, and to different

* I may mention here that the principal authors who have translated or descrihed or edited the

Vedas are Mr H. T. Colebrooke, who, in 1805, gave a general account of these works, with specimen

translations (Essays, vol. i. pp. 9-113) ; Professor Rosen, whose Latin version of the first book of the

Rigveda was published in 1838; Pi-ofessor Roth, who published in 1846 three Dissertations in Ger-

man on the literature and history of the Veda ; Professor Max Muller, who has published, between

1849 and the present time, four volumes of his edition of the Text and Commentary of the Rigveda,

besides a history of ancient Sanskrit literature ; Professor H. H. Wilson, who translated the whole

of the Rigveda into English, though only half of his translation has yet been published ; Professor

Benfey, who has translated the Sama Veda into German ; Professor Aufrecht, who has published

the text of the Rigveda in the Roman character ; and Professor Weber, who has published the text

of the White Yajur Veda and the Satapatha Brahmana. •

i
'i
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generations of poets, and that some of the hymns appear to display an advance

in thought and speculation, as well as a progress in some other respects, as com-

pared with others. The hymns are composed in a considerable variety of metres,

which are not, indeed, always regularly constructed, but which, by their number

and occasional elaborateness, form a remarkable contrast to the metrical unifor-

mity of the oldest Greek poetry. In fact, throughout the whole course of

Sanskrit literature we see the people who spoke and wrote the language mani-

festing a most delicate sense of harmonious composition.

The Vedic poetry is simpler, much less flowery in style, and consequently

more akin to the productions of Western classical literature,—more consonant, in

short, to the common Aryan type on which the Indians ofthat age were moulded,—

than is the case with the later Indian poetry, produced at a period when the

Hindus had resided for many centuries in their new abode, and when the various

physical influences of a more southerly climate had combined to modify their

mental constitution, and impart an oriental luxuriance to their conceptions.

The hymns are, with few exceptions, of a religious character. "In these

songs," to use the words of Professor Roth, " the forefathers dwelling on the

banks of the five rivers (of the Punjab) supplicated prosperity for themselves and

their herds, greeted the rising dawn, celebrated the conflict of the Thunderer with

the gloomy Power, and acknowledged the succour of the deities who had delivered

them in battle." The hymns are addressed to a variety of gods, in whom the

most remarkable powers and phenomena of nature are personified. These are

Agni (fire) ; Indra (the ruler of the firmament, who dispels drought and sends

down rain) ; Savitri (the sun) ; Vishnu (perhaps another form of the same lumi-

nary, who strides across the heavens in three paces) ; Rudra (who is considered

to be the god of tempests, but was at a later period identified with Siva); Varuna

(whose name corresponds to the Greek 'ou^avog, and who in the Veda represents

the nightly sky, though he came afterwards to be regarded as god of the

ocean) ; Maruts (the winds) ; Ushas (the dawn), &c. The functions assigned

to these different deities are various, and their respective provinces are fre-

quently confounded. Yaska, the oldest extant interpreter of the Veda, thus

classifies the gods who are celebrated in the hymns:—"There are," he says,

"according to the etymologists, three deities, Agni, whose place is on earth;

Vayu or Indra, whose position is in the atmosphere ; and Surya (the sun), who

occupies the sky. These deities receive many appellations in consequence of

their greatness, or of the diversity of their functions, just as one and the same

man is called by various names denoting different priestly offices ; or the different

gods so diversely designated may all be distinct, for the praises addressed to them,

and also their appellations, are separate." The same writer, however, regards all

these deities as being in reality only manifestations of one supreme Spirit, for he

remarks :
" From the vastness of the deity, the one Soul is lauded in many ways.

VOL. XXIII. PART II. Id
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The different gods are respectively members of the one Soul." This mode of

conceiving the gods must however be regarded as a subsequent refinement,

belonging to an age of reflection ; as though some of the later hymns certainly

contain passages which express monotheistic, or perhaps rather pantheistic ideas,

the independent individuality of the different gods appears to be the doctrine of

the older hymns. Some ofthe hymns (supposed by Professor Muller to be among

the latest) sing the praises of certain liberal princes, who had bestowed ample

largesses upon their authors. One contains the lamentations of a gambler who

had lost his all by infatuated addiction to play ; a second seems to consist of

a satire on the performances of priests, which it compares to the croaking of

frogs at the commencement of the rainy season ; others contain some references

to conflicts between different chieftains and tribes, and to the contests of different

families ofpriests for pre-eminence. (See Roth on the Lit. and Hist, of the

Veda, Diss. 3d.) It is difficult to say whether this collection of hymns has pre-

served to us all the poetical productions of that early period. On the one hand, it

might have been supposed that when so many persons possessed so great a facility

in poetical composition, they would have exercised their powers on a greater variety

of subjects ; and we may suspect that, as the hymns were collected by the sacer-

dotal descendants of the authors, the collectors may have been less anxious to

preserve those which were not of a religious character. On the other hand, it

may be urged, that the peculiarly strong influence which religion exerts over the

imaginations of men in an early stage of culture, and the comparative triviality

of terrestrial affairs, or perhaps the higher profit resulting from the employment of

their talents on subjects connected with the worship of the gods, may have led

the ancient bards to direct their efforts into this channel by preference. On the

whole, it seems most probable that many of the old hymns have been lost.

No particular sanctity appears to have been at first ascribed to the hymns.

Their authors, indeed, speak of them, especially of those which were new, as

being acceptable to the gods ; but they generally describe them as the produc-

tions of their own minds,—as being made, fashioned, generated, by themselves

;

and though references are occasionally found to the aid or suggestion of the

different gods, and though in other places a mysterious power is ascribed to the

hymns, it does not seem to have been the prevailing idea of the poets that their

compositions were the results of any divine inspiration. The descendants of the

bards, however, who preserved and collected the hymns, soon began to attribute

a peculiar sacredness to the productions of their ancestors, and to regard them as

the most efficacious forms in which the favour of the gods could be supplicated.

This had long been the received opinion when the Brahmanas were compiled, as

in these works the Vedas are said to have sprung, though only mediately, from

the Creator. Even in the Upanishads (which are the concluding portions of the

Brahmanas), however, it does not appear that the same broad line of demarcation
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is drawn between the Vedic hymns and the other and later parts of Indian litera-

ture as came afterwards to be the case. At a subsequent period a very high and

exclusive authority and sacredness were attributed to the Vedas, which were

declared to have been only seen, not composed, by their apparent authors, the

ancient rishis.* The divine character of these books is however placed upon

different grounds by writers belonging to different schools of philosophy. Some
say that the Vedas have no personal, not even a divine, author, but are uncreated,

and owe their authority to their eternal faultlessness ; while others maintain that

they were consciously uttered by a divine person, whose perfect intelligence is the

source of their infallibility.!

The hymns included in the collection of the Rigveda are, as I have observed,

of very different dates, and indicate different stages in the development of the

Indian intellect and institutions.

I shall now offer some short specimens of these hymns ; first, of those which,

from the simplicity of their nature-worship, must be considered the more ancient

;

and afterwards of those which, from the speculative character which they begin

to assume, may safely be pronounced to be among the most recent.

The following is the first hymn of the Rigveda, and will serve as well as any

other to give an idea of the oldest of these odes. It is addressed to Agni, the god

of fire, to whom a variety of functions are assigned, and who, both from the im-

portance of the element which he represents, and from his close connection with

sacrifice, holds a prominent place among the deities of the Rigveda :

—

" 1. I laud Agni tlie priest, the divine minister of sacrifice, who invokes the gods, and is

most rich in gems. 2. Agni has been an object of worship to ancient as well as modern bards :

may he bring the gods hither ! 3. Through Agni the worshipper attains a prosperity which in-

creases day by day, and is accompanied by renown and by a vigorous progeny. 4. Agni, that

oblation, duly presented, which thou envelopest on every side, goes straight to the gods. 6. May
Agni, the invoker, the sage, the true, the most renowned, a god, come hither with the gods ! 6.

Whatever good thou, Agni, shalt do to thy worshipper, that, O Angiras, shall be truly thine own.

7. Thee, O Agni, dispeller of gloom, we approach every day with our hymn, offering adoration.

8. (Thee we approach), shining protector of ceremonies, the brilliant (guardian) of sacred rites, ever

waxincf in thine own abode. 9. Be thou ever accessible to us, Agni, as a father to his son : be present

with us for ovir good."

The verses which I shall next quote are from a hymn to Indra, the god of the

firmament, who, as one of his chief functions, is conceived as smiting Ahi or

Vrittra, the cloud-demon, the withholder of rain, and as compelling him to dis-

charge his watery treasures on the thirsty earth :

—

" 1. I declare the heroic deeds of Indra, which the thunderer achieved of old. He smote Ahi,

he discharged the waters, he let loose the torrents of the aerial hills. 2. He smote Ahi, resting

upon the mountain. Tvashtri (the Indian Vulcan) forged for him his swift-darting thunderbolt.

Like lowing kine, the rushing waters hastened to the ocean. 3. Impetuous as a bull, he sought

* See my " Original Sanskrit Texts," vol. iii. pp. 90 ; 110, ff.

t Ibid. pp. 52, ff ; 196, ff; 212, ff.
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the soma*-draught, he quaffed that which had been poured forth into three cups. He seized the

thunderbolt for his shaft; he smote him, the first-born of the Ahis. 4. "When tbou, Indra, smotest

the first-born of the Abis, thou didst vanquish the magic of the magicians. Producing then the

sun, the sky, the dawn, thou foundest no longer any enemy remaining. 5. With his mighty shaft,

the thunderbolt, Indra smote in pieces the gloomy Vrittra. Like the trunk of a tree felled with

the axe, so lies Ahi prostrate upon the earth. 6. Like a weak but foolhardy warrior, he challenged

the impetuous hero, the destroyer of many ; but he did not escape the stroke of his bolts. Encountered

by Indra, he crushed the rivers (by his fall)," &c. &c.

I shall now give a few verses as a specimen of a hymn to Ushas or Aurora,

some of which (as Professor Muller remarks f) might naturally be uttered by a

poet still, after the lapse of 3000 years :

—

" 7. She, the daughter of the sky, has been beheld, breaking forth, youthful, clad in shining

garments, mistress of all earthly treasures. Auspicious Ushas, shine on us here to-day ! 8. Ushas
follows the track of the dawns that are past, and is the first of the unnumbered dawns that are to

come, breaking forth, arousing life, and awaking every one that was dead. 9. Inasmuch as thou

hast made the fire to be kindled, hast unveiled all things by the light of the sun, and hast awakened
the men who are to offer sacrifice, thou hast done a good service to the gods. 11. Those mortals

are gone who saw the earliest Ushas dawning : we are to behold her now ; and the men are coming

who shall gaze upon her on future morns. 12. Perpetually, in former days, did the divine Ushas
dawn : to-day, too, this opulent goddess has revealed the world. Still shall she appear on future

days : undecaying, immortal, she marches on by her own will. 14. She hatli shone forth with her

splendours in the regions of the sky ; the bright goddess has manifested the dark form of night

:

awakening the world, Ushas advances in her car, drawn by ruddy steeds. 16. Arise: our life, our

breath has come : darkness has departed, light arrives : Ushas hath opened up a path for the sun to

travel. We have arrived there where men prolong their days. 19. Mother of the gods, manifesta-

tion of Aditi, revealer of the sacrifice, mighty Ushas, shine forth ! Arise, conferring renown upon
our hymn," &c.

The next verses are from one of the later hymns in the Tenth Book :

—

" 1. Hiranyagarbha J arose in the beginning : he was the one born lord of things existing.

He established the earth and this sky. To what god shall we present our offering ? 2. He gives

soul, he gives strength. His command all, even the gods, obey. His shadow is immortality, his

shadow is death. To what god shall we pi-esent our offering 1 3. He by his might became the one

king of the breathing and winking world : he is lord of this two-footed and four-footed creation. To
what god shall we present our offering 1 4. By his might, they say, these snowy mountains arose,

and the ocean, with the river, was produced : these aerial regions are his arms. To what god shall

we present our offering ? 5. He made the sky fiery, and the earth fixed ; he established the firma-

ment and the heavens ; he in the atmosphere measures the aerial spaces. To what god shall we
present our offering ?"§

The last specimen of the Rigveda which I shall offer is also from the Tenth

Book, where we see the mind of the poet striving to form for itself a theory of

creation :

—

" 1. There was then neither nonentity nor entity. There was no atmosphere, nor sky beyond.

What covered all 1 What was the receptacle of each thing ] Was it water, the profound abyss ?

2. Death was not then, nor immortality : there was no distinction of day or night. That One
breathed tranquil, by its own power. There was nothing diflferent from or beyond it. 3. There

was darkness, originally enveloped in darkness : this universe was undistinguishable water. That

* Soma is the moon-plant, the juice of which was ofiered to the gods, whom it ^vas supposed

to exhilarate.

f Anc. Sansk. Lit. p. 551.

J One of the names of Brahma, the creator.

§ Translated in Muller's Anc. Sansk. Lit. p. 569.
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which, a void, was covered with nothingness, sprang into being as One, by the power of heat.

4. Desire was first produced in it, which is the first germ of mind. The wise, searching in their heart,

have, by their intellect, discovered in nonentity the bond of entity. 6. Who knows, who here can

declare, whence has sprung, whence, this development ? the gods are subsequent to the evolution of

this universe : who then knows whence it arose ? 7. From what source this development arose, and

whether any one created this universe or not, he who in the highest heavens is its ruler, he truly

knows, or he does not know."*

An English translation of about half of the hymns of the Rigveda has been

published by the late Professor H. H. Wilson, who follows the interpretation

given by the native commentator Sayana. Though there is no reason to doubt

that this commentator has in general rendered the sense of the hymns with

tolerable correctness, it is scarcely less clear that, in regard to a large number of

words and phrases, his explanations are not satisfactory. The hymns, as I have

said, are separated by a wide chasm from all the later literature. Numerous

words which occur in them are found nowhere else ; and the tradition of the true

meaning appears to have been lost. Though the Brahmanas, if thoroughly ex-

plored, would, according to Professor Mullee,! supply most valuable materials for

the explanation of old Vedic words, yet many difficult terms would remain, of

which they would offer either no satisfactory interpretation, or none at all. The

Brahmanas are not commentaries. Their primary object is to prescribe the de-

tails of particular ceremonies, and the manner in which the texts of the Vedic

hymns are to be recited ; and though, in the course of their directions, they

introduce many etymologies, these are frequently fanciful, and accompanied by

mystical references. There is indeed one extant list of Vedic words partly ob-

solete, and a commentary on them by Yaska, called Nirukta, in which the author

gives his interpretation of many of the more difficult words in the Rigveda. This

writer is considered to have lived several centuries before Christ ; but as his in-

terpretations are always accompanied by etymologies, and are sometimes alter-

native, it would seem as ifthe true sense of many of the words which he expounds

had been already lost in his day, and even then could only be recovered by resort-

ing to the meaning of the roots with which they seemed to have most affinity.

But if such was the case at that early period, how much more difficult must the

explanation of the hymns have become in the age in which the commentator

Sayana wrote (the fourteenth century a.d.), when the Indian mythology, institu-

tions, and manner of thinking, had departed so much more widely from the Vedic

standard than it had in the time of Yaska.

It should not therefore surprise us, that writers trained in the modern school

of philology and interpretation should be unwilling to regard Sayana's inter-

pretations as satisfactory and final ; and we accordingly find that Benfey, Roth,

MuLLER, AuFRECHT, and others, while they derive from the native commentators

* See MiJLLER's fine remarks on this hymn, and the metrical version given by him, in Anc.
Sansk. Lit. p. 559, fF.

•f
Anc. Sansk. Lit. p. 153, f
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all the aid which they can afford, and which indeed is indispensable, have yet

been endeavouring to go farther, and to extract from the hymns themselves,

studied etymologically, and with reference to all the parallel passages, as well as

to the general ideas of the Vedic age, the true sense which the ancient authors

themselves intended to convey, uncoloured by any of the conceptions of more

modern Indian expositors.

In the valuable Sanskrit and German Lexicon of Messrs Bohtlingk and Roth,

published at St Petersburg under the auspices of the Imperial Russian Academy

of Sciences (of which about half has now appeared), an attempt is made to

ascertain the true meaning of the ancient Vedic words, as well as to arrange

and interpret the other component parts of the Sanskrit language on scientific

principles.*

Besides the collection of hymns entitled Rigveda-Sanhita, there are, as we

have seen, three others. Of these, the Sama-veda consists, with few exceptions,

of verses extracted from hymns in the Rigveda, generally detached from their

contexts, and arranged for liturgical purposes. This Veda is consequently of but

little importance, except for a few various readings which it offers. The Yajur-

veda consists partly of liturgical formulas and invocations in prose, and partly of

verses, some of which occur also in the Rigveda. Some of the contents of the

Yajurveda are valuable, as enabling us to trace the history of the Indian deities,

especially Rudra. In the fourth or Atharvaveda, a considerable portion is

extracted from the Rigveda, but by far the larger part is peculiar to itself, and

later in date than most of the Rigveda. Much of it consists of formulas for

averting evils, chiefly of a physical kind, and for securing prosperity and

happiness.

I now come to the Brahmanas, which, as we have seen, constitute the second

division of each Veda, and which, of all the Indian writings, are those that, in

point of age, come nearest to the hym.ns.

For some time after the Aryan Indians had immigrated into Hindustan, their

priests do not seem to have formed a distinct caste. Though in one of the latest

hymns of the Rigveda, the four castes are specified ; and though in another a

description is given of the benefits which accrue to a king from employing a priest,

yet in most of those which on other grounds appear to be the earliest, no distinct

reference is made to any caste-organization ; while the hymns of the entire third

book are, in the ancient indices, ascribed to Visvamitra, who was not of sacer-

dotal, but of kingly descent, and to his descendants, as the authors. At this

period, too, the ceremonial of sacrifice was no doubt much simpler, and less

fettered by formal regulations than in after times. But when, in the natural pro-

* Another important work in the department of Sanskrit lexicography is the Dictionary which

Professor GoLDSTUCKER is compiling on the basis of Wilson's, but with great additions and improve-

ments. Of this work five parts have already appeared.



KECENT PROGRESS OF SANSKRIT STUDIES. 271

gress of society, the community became more divided into distinct professions,

when the ceremonial of sacrifice became more complex and minute, and every

deviation from the prescribed forms came to be regarded as fatal to the efficacy of

an observance,—it was natural that the priests should then be organised into a

separate profession, and that that profession should finally grow into a caste. It

was at this stage that the Brahmanas would be composed, to perpetuate the regu-

lations which had been adopted by the different schools of priests, who, however,

it is to be observed, did not by any means always coincide in the details of their

ceremonial prescriptions. The object then of the Brahmanas is to regulate the

course of the various sacrificial rites. Thus, the Satapatha Brahmana of the White

Yajurveda prescribes how the sacred fire is to be kindled,—how atonement is to

be made for errors committed in the ceremonial,—how the asvamedha or horse-

sacrifice, the universal sacrifice, the offerings to the dead, &c., are to be performed.

In carrying out their main objects, the Brahmanas, besides supplying, as I have

said, many etymologies and mystical interpretations, introduce also a variety

of legends relating to the birth and history of the gods, the origin of all things,

dec, with the view of illustrating the efiBcacy of particular ceremonies. As

these books are intermediate in age between the hymns of the Veda and the later

mythological works called Itihasas and Puranas, so also the myths and legends

which they (the Brahmanas) relate, are found generally in a state intermediate

between that in which they are seen in the hymns and in the Puranas

—

i.e., more

developed than in the former, and less developed than in the latter. The

Brahmanas thus enable us to trace more accurately than we should otherwise

be able to do, the progress of Indian mythology. I will give here one very inter-

esting specimen of the legends narrated in these works. It contains the oldest

version of the story of the deluge which is found in any of the Indian books :

—

" They brought to Manu (the progenitoi- of the Aryan Indians) in the morning water for

washing, as men are in the habit of bringing water to wash with the hands. As he was thus wash-

ing, there came into his hands a fish, which said to him, ' Preserve me, and I will save thee.' ' From
what,' asked Manu, * wilt thou save me ?

' * A flood,' replied the fish, ' shall sweep away all these

creatures ; I will rescue thee from that. ' How,' inquired Manu, ' can I preserve thee V The fish

answered, ' So long as we are small, we are in great peril, and even fish devours fish
; preserve me

first in a jar. V^hen I grow too large for the jar, dig a trench and preserve me in that. When I

become too large for the trench, carry me to the ocean: I shall then be beyond the reach of danger.'

Straightway it became a great fish, for it grew exceedingly. The fish then said, ' In so many years

the flood will come ; make a ship, therefore, and worship me
;
when the flood rises, embark on the

ship, and I will deliver thee.' Manu accordingly preserved the fish, and brought it to the ocean.

In the same year which the fish had indicated as that of the flood, Manu built a ship, and worshipped
the fish. When the flood rose he entered into the ship. The fish swam near him, and he fastened

the cable of the ship to the fish's horn. By this means he passed over this Northern Mountain (the

Himalaya). Thfe fish then said, ' I have delivered thee ; fasten the ship to a tree. But lest the water
should abandon thee on the mountain, thou shalt descend after it as fast as it subsides. He descended
accordingly as the water subsided. Hence, also, this was 'Manu's descent' from the Northern Moun-
tain. Now the flood had swept away all these creatures. Manu alone was left here. Desirous of oflT-

spring, he worshipped, and performed a laborious rite Thence (from the material of the sacrifice),

in a year a female was born," who called herself Manu's daughter: " with her Manu worshipped,

desirous of oflfspring, and with her he begot this race, which is called the oflspring of Manu."
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In the later version of the same legend, which is given in the great epic poem,

the Mahabharata, there are one or two traits by which the narrative is brought

into nearer accordance with the Semitic form of the legend as giv&n in the book

of Genesis. These traits are, that Manu is represented as taking the seven rishis

or sages, and the seeds of all things, with him into the ship. The late distin-

guished orientalist, Burnguf of Paris, was of opinion that the story of the deluge

(which, however, he then only knew in the form in which it is found in the

Mahabharata and later works), does not fit well into the system of Indian Puranic

chronology, and must for that reason, and also because no historical event is to

be found in the Indian records which could have given rise to such a legend,

—

have been introduced into India from some Semitic source.* This view is con-

tested by Professor Weber of Berlin, from whose remarks {Indische Studien, i.

161 f.) it results that the discovery of the older form of the story, as given in

the Brahraana, and the proof thus obtained of its existence before the Indian

system of chronology was elaborated, give strength to the supposition that it had

formed part of the most ancient Indian traditions.

I have spoken of the Veda as divided into two parts

—

Mantra and Brahmana,

or hymns and liturgical treatises. There is another division, according to which

the Vedas are described as having a ceremonial or exoteric part {karma-kdnda),

and a spiritual or esoteric part, relating to the knowledge of soul {jndna-kdnda).

This distinction is thus stated in the Mundaka Upanishad (one of the theological

treatises which are appended to the Brahmanas), which at the same time clearly

expresses the inferiority of the ceremonial division to the spiritual. "Two
sciences," says the author, "are to be known (according to sages acquainted with

Brahma), the superior and the inferior. The inferior consists of the Rigveda,

the Yajurveda, the Samaveda, the Atharvaveda, accentuation, ritual, grammar,

commentary, prosody and astronomy. The superior science is that by which

the imperishable is apprehended." It will be observed that notwithstanding

their great sacredness, the hymns, together with the earlier or ritual part of the

Brahmanas, are here pronounced to be of very subordinate value compared with

the concluding portion of the Veda, in which the knowledge of soul is unfolded.

Ritual observances, though regarded as preparing the way for higher studies,

are, according to the highest Hindu doctrine, considered as in themselves leading

only to a state of fruition in paradise, which though of a long duration, corre-

sponding to the merits by which it has been earned, is yet temporary, as well

as essentially unsatisfying, and inconsistent with that full spiritual perfection to

which the enlightened sage aspires as the highest and only enduring condition of

future blessedness.

The portions of the Veda in which the means of attaining this final libera-

* See the preface to the 3d volume of his edition and translation of the Bhagavata Purana,

'Paris, 1847), pp. xxxii-liv.
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tion from ignorance and from all mundane imperfections are expounded, are

called Upanishads, or Vedantas (^. e., concluding parts of the Vedas). These

tracts contain a variety of speculations, primitive and unscientific both in form

and substance, on the origin of all things, on the nature of the human soul, its

relation to the supreme Spirit, on the character of that contemplation by which

it may attain perfection, and on other kindred topics. The beginnings of this

sort of inquiry are to be found, as we have already seen, in some of the hymns

of the Veda. In the Upanishads, these questions are pursued at greater length,

and with a wider variety of details. I shall give a specimen of one of the best of

these works.

The Katha Upanishad represents the Brahman Vajasravasa as having in a fit

of anger given up his son Nachiketas to Yama, the Indian Pluto. Nachiketas

proceeds to the abode of Yama, and as the latter improperly neglected his Brah-

man guest, leaving him for three nights unprovided with food, he offers him as

a compensation three boons. The youth chooses, as the first, that he may recover

his father's favour, and see him again ; as the second, that he may ascend to

paradise, become immortal, and be made acquainted with the celestial fire.

When called upon to choose the third boon, Nachiketas replies:—"Some say a

a man exists after death ; others say he does not : in regard to this question I

desire to be instructed by thee." Yama answers :
" This question has of old

formed the subject of discussion even among the gods, for it is hard to determine.

This principle of being is very subtile. Do not insist on a reply ; relinquish this

boon and choose another." Nachiketas answers :
" Thou sayest, Death, that

this question was discussed even by the gods, and that it is hard to determine.

But there is no other who can resolve it like thee, neither is there any other boon

comparable to this." " Choose," rejoins Yama, " sons and grandsons who shall

live a hundred years ; choose cattle, elephants, gold, horses ; choose a wide terri-

torial domain; and live thyself as many centuries as thou listest. Or, choose

such boons as are unattainable in this world of mortals, celestial nymphs, with

cars and musical instruments; but do not inquire into (the secret of) death."

Nachiketas, however, rejects all these offered blessings and pleasures, as transient

and unsatisfactory, and persists in demanding an answer to his inquiry, as the

only boon he cares to accept. Yama then replies :
" The good is one thing, the

pleasant is another. These two things, concerned with different objects, attract

mankind. It is well with him who chooses the good, but he who prefers the

pleasant, fails in his aim. The good and the pleasant both solicit men. The wise

man considers and distinguishes them. He prefers the good to the pleasant,

while the fool chooses the pleasant, because it promotes his bodily ease. Thou,

Nachiketas, having pondered those objects of desire which are pleasant and

beautiful, hast relinquished them. . . . These two things, ignorance and

knowledge, are widely opposed and discrepant. I know thee, Nachiketas, to be

VOL. XXIII. PART II. , 4 F
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desirous of knowledge, because many objects of desire did not distract thee. Men

living in ignorance, but fancying themselves wise and learned, go wandering about

deluded, like blind men led by the blind. Futurity does not become manifest to

the fool who is careless, and deluded by wealth. He who imagines that this is

the only world, and that there is no other, falls again and again under my (Death's)

dominion. There are many who have not heard of soul, and many who have

heard of it, and yet have not known it. Wonderful is he who declares it, skilful

is he who attains it, marvellous is he who knows it, when instructed by a sage."

Yama then shortly after proceeds thus :
—" Concentrating his thought upon the

supreme Soul, and thus conceiving the Deity who is hard to be perceived, who is

withdrawn into mystery, who abides in the cavity of the heart, in inaccessible

recesses, and who exists of old, the wise man abandons joy and grief. Having

heard and embraced this, having by effort attained the subtile substratum of

qualities, a mortal rejoices, having obtained a source of gladness." The soul is

characterised as follows :
—" The intelligent (soul) is not born, nor does it die. It

does not spring from any other source, nor does any one begin to be. Unborn,

eternal, everlasting, primeval, it is not slain when the body is slain. If the

smiter thinks to slay, or the smitten thinks that he is slain, both are ignorant

;

the soul neither slays, nor is slain.* The soul, which is minuter than the

minutest, and greater than the greatest, is seated in the cavity of this living being.

He who is free from desire and grief beholds this greatness of the soul by the

grace of the Creator. Sitting, it travels far; sleeping, it reaches everywhere.

Who but I should know this deity, who both rejoices and rejoices not? ....
This soul is not to be attained by interpretation, nor by understanding, nor by

much Scripture. It is to be attained by him whom it chooses. This soul chooses

that man's body for its own. He who has not ceased from wickedness, who is

not tranquil, whose mind is not concentrated, cannot by knowledge attain the

soul."

In the next section a simile occurs which has been compared with the well-

known image in the Phsedrus of Plato. " Know that the body is a chariot, the

soul its master, the intellect his charioteer, and the mindf the reins. The senses

are the horses, and their objects the roads. When a man is destitute of know-

ledge, and his mind is never concentrated, his senses are uncontrollable, like the

vicious horses of the charioteer. But when a man possesses knowledge, and his

mind is always concentrated, then his senses are submissive, like the charioteer's

tractable horses."

We have no means of ascertaining exactly the age of the Upanishads. Though

some are of great antiquity, it is easy to perceive, from the contents of others, that

they are comparatively modern, and that the antique style which their authors

* Compare tlie Bhagavad Gita, 2. 19, 20.

I The mind (mdnas) is regarded by the Hindus as an internal sense.
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affect is merely borrowed to give an authority to their own sectarian tenets, which

would not otherwise have been accorded to them.

The beginnings of speculative thought which I have noticed as existing even

in the hymns of the Rigveda, as well as in the Upanishads, were destined to

receive a wide and varied development in the philosophical schools.* As the

history of Indian philosophy has not yet been sufficiently studied, it is difficult to

say at what period the doctrines held by the different schools, which were

eventually denominated Sankhya, Nyaya, Vedanta, &c., were first propounded in

a definite shape. Sets of concise aphorisms (called in Sanskrit Sutras) constitute,

in most cases at least, the oldest form in which the tenets of these systems have

come down to us. The aphorisms are statements, for the most part very obscure,

as well as brief, of the leading principles of the several schools. Whether them-

selves at first committed to writing or not, they must have been handed down

accompanied by at least verbal explanations from the very date when they were

composed. Many of them would not otherwise have be'en intelligible.

We need not however suppose, that the tenets which these aphorisms ex-

pound were all thought out at once, and embodied at the same time in the

systematic form in which they now appear. The various dogmas which are now
combined as component elements of the different schemes of speculation, had no

doubt in many cases existed previously in an isolated form, and were not thrown

together till they had been discussed and questioned by the advocates of anta-

gonistic doctrines. The relative antiquity of these different sets of aphorisms,

and of the schools which they represent, is not easy to determine, especially as

some of them, at least, refer mutually to one another. In the cases where these

mutual references occur, it is clear that even those bodies of aphorisms which

represent the oldest doctrines, must have been subsequently re-written, or at any

rate interpolated in those portions which controvert the principles of the rival

schools. That great freedom of speculation must have been permitted in India in

ancient times, is evident from a consideration of these aphorisms. The most

diverse opinions are there propounded on matters of the greatest importance.

* I may remark, that though Indian philosophy has of late received considerable elucidation

from the pens of Dr Ballantyne, Professor FitzEdward Hall, and others, yet the main points had
already been given in Mr Colebrooke's Essays, read before the Royal Asiatic Society in 1823 and the

following years. See Colebrooke^s Misc. Essays, vol. i. 227-419 ; Dr Ballantyne's " Christianity

contrasted with Hindu Philosophy ; " his Lectures on the Vedanta, Nyaya, and Sankhya Philoso-

phies, and his translations of the aphorisms of the different systems ; Professor FitzEd. Hall's
" Rational Refutation of the Hindu Phil. Systems," translated from the Hindee. In regard to the

purely indigenous and original character of Indian philosophy, see Professor Max Mijller's Ap-
pendix on Indian Logic, in Archbishop Thomson's " Laws of Thought," 3d edition. Though in the

quotation given above, p. 9, Dugald Stewart speaks of the Indians having become acquainted with

the Greek language and philosophy through Alexander's invasion, yet in another passage (Works,
vol. i. p. 425), he thus expresses himself: "The metaphysical and ethical remains of the Indian

sages are, in a peculiar degree, interesting and instructive, inasmuch as they seem to have furnished

the germs of the chief systems taught in the Grecian schools." (Diss, on the Prog, of Met., Eth..

and Pol. Phi'.)
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This is not to be wondered at, as the most ancient and sacred writings of the

Hindus do not express themselves with any positiveness on questions of this de-

scription, but on the contrary (as we have seen in the quotations taken from

some of the hymns) give frequent utterance to doubts and difficulties, as was

indeed to be expected of simple men, such as their authors were, groping after

truth, and unconscious of any supernatural illumination.

Without attempting to arrange these systems in chronological order, I shall

give some account of their leading objects and principles.

I begin with the Purva Mimansa, which professes to supply the proper

principles and rules for interpreting and applying the ceremonial portion of the

Veda, but does not pretend to do more than direct the student to the attainment

of those future rewards which follow the performance of duty ; differing in this

respect from the other five orthodox systems, which propose to themselves the

higher object of pointing out the methods by which the soul may be liberated

from all future connection with the body, and with mundane concerns, and may
so arrive at absolute and final perfection. In pursuance of its design, the Mi-

mansa defines the various modes by which duty may be ascertained and estab-

lished ; and as the Veda is the only ultimate authority for duty, it endeavours to

show that this authority is supernatural and infallible, by maintaining, not that

it has been revealed by the Deity, but that no human or personal author of

it is remembered ; and further, by arguing that sound is eternal, that the con-

nection between words and the objects they denote is also eternal (and not

arbitrary or conventional), and that consequently the Vedas convey unerring

information in regard to unseen objects. It is curious that this system, which

teaches a future state of rewards and punishments, should yet be understood by

one school of its adherents in an atheistic sense. It appears from a statement

made by Sankara Acharyya, the famous commentator on the Vedanta

aphorisms, that, according to the Purva Mimansa, ceremonies have an inherent

power of procuring rewards; and that (whether the founder of that school

acknowledged a Deity or not), he did not regard the realisation of future

beatitude as at all dependent on his will.

As I have already intimated, the other systems, the Sankhya, Yoga, Nyaya,

Vaiseshika, and Uttara Mimansa or Vedanta, seek to accomplish a higher end than

the Purva Mimansa. Though differing from each other in various other respects,

they all rest upon one hypothesis, and propose to themselves one and the same

general object. The supposition on which they proceed is, that the soul, after

it has once become involved in a mundane condition, must go through an endless

cycle of transmigrations (its happiness or misery being in each case proportioned

to its merits or demerits in the preceding birth), until some means of disengaging

it from all connection with the body shall have been discovered. All embodied

existence is regarded by the Indian philosopher as a state of imperfection. The
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happiness of paradise itself he considers (as I have ah'eady intimated) as transient,

since, however long its duration, it must at last come to an end when the

merit by which it has been earned is exhausted. This happiness is also essen-

tially unsatisfactory in its nature, as the pleasure with which it is attended

(even if unqualified by pain) is in itself inconsistent with the perfect tranquillity

of the soul. The gods themselves are regarded as transitorj' beings. Thus it is

said, in a verse quoted in a Sankhya treatise :
—

'• Many thousands of Indras, and

of other deities, have passed away in every yuga (or great mundane period), for

time is hard to be overcome."

The object, then, which these systems seek to effect, is to liberate the soul

from every variety of embodied condition, whether earthly or celestial, so that

it (the soul) may either, according to the Sankhya and Nyaya, regain a state of

perfect isolation and tranquillity, or, according to the doctrine of the Vedanta, be

reabsorbed in, or rather become again conscious of its oneness with, the Divine

Spirit, with which it is in reality identical. The Sankhya, which is ascribed to

the sage Kapila as its author, acknowledges two primary principles, matter

and spirit, both eternal, and consequently independent of each other. The spirit

which it recognises is not, however, one supreme Soul, the existence of which it

appears to deny, but a multitude of individual souls, by which the different orders

of living beings are animated. Prakriti, or Pradhana (nature, or matter),* the

other principle affirmed by this system, is conceived to have originally existed in a

rudimentary and imperceptible state, and, although unintelligent, to have become

developed without the action of any external force, by a gradual process of spon-

taneous self-evolution, into all the actual forms of the phenomenal universe. The

French Orientalist Burnouf (Buddhisme Indien, 520), is of opinion that this athe-

istic philosophy of Kapila was anterior to the time of 'Sakya Muni (commonly

* In the text, following the example of Mr Colebrooke and Professor H. H. Wilson, I have

spoken of Prakriti as matter (see Colebrooke's Essays, i. 242 ; Wilson's Sankhya Karika,

pp. 17 f-, 82 f. ; and also Professor FitzEdward Hall's translation of Pandit Nehemiah Gore's
" Rational Refutation of the Hindu Philosophical Systems," pp. 80, 81. But compare the preface

to the same work, where the translator says, that if he had " departed from ' nature ' as representing

•prakriti, he would hardly have done amiss." "' Originant' might answer, or ' evolvant."') I find,

however, that the propriety of rendering prakriti by " matter " is disputed. In a note which he

supplied to page 221 of an article on " Indian Literature," which I furnished to the North British

Review for May 1856, Professor Eraser thus expresses himself in regard to the principles of the

Sankhya philosophy :
—" The Sankhya of Kapila is the most independent and comprehensive of

all the attempts of the Indian mind to form a cosmological system on grounds of reason. In its fun-

damental principles and method, it anticipates (after its own fashion) modern European efforts to

bridge the gulf that separates the Absolute from the Relative, by means of the relation of cause

and etfect. The Pracriti thus corresponds with Kapila to the ' Absolute' of modern speculation.

In his method Spinoza approaches Kapila, but differs somewhat in his results. The Sankhya in

many respects resembles the theory of Schelling, and it has some points of analogy with

FiCHTE. It has throughout, however, an individuality of its own, which marks its indigenous

growth, and forbids us to measure all its doctrines in the forms of European speculation." It is to

be remembered, however, that the "Absolute" embraces all being, whilst (as stated in the text)

the Sankhya acknowledges a second primary principle, viz., Puritsha, or Spirit, in addition to Prakriti.

VOL. XXin. PART II. 4 G
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known as Buddha), the founder of Buddhism, who is generally supposed to have

flourished in the sixth century b.c. ; and that the latter derived from Kapila

some of the essential principles of his own system. Though, however, it may be

quite true, that 'Sakya derived his chief tenets from Kapila or some earlier

speculator, this is not confirmed as regards Kapila by the aphorisms of the

Sankhya philosophy, in the state in which the collection at present exists, as this

collection contains some passages in refutation of certain principles which appear

to be those of different Buddhist schools. As, however, these aphorisms may be

nothing more than a later summary of the original Sankhya doctrines, the pas-

sages in question are not sufiBcient to prove that the author of that system lived

subsequently to 'Sakya.

The next system, the Yoga of Patanjali, though agreeing in other respects

with the Sankhya of Kapila, differs from it in affirming the existence of one

supreme Spirit, the governor of the universe.

The Nyaya and Vaiseshika schools are dualistic. They maintain, like the

Sankhya, the eternal pre-existence of matter, but in a different form, that of

atoms, which, after being combined and developed, constitute the existing mate-

rial world. These systems also assert the eternal pre-existence of a multitude of

souls, distinct from each other and from the supreme Spirit, whose being the later

writers, at least, of these schools distinctly recognise. The Nyaya embodies a

a fully developed logical system, including a form of syllogism in five members.

The Vedanta, while recognising, in common with the other systems, the dogma

of transmigration, has a widely different theory in regard to matter and spirit.

Its essential principle is advaita, non-duality, viz., that there is only one sub-

stance, or principle of being. This is Brahma, the universal Spirit. The souls

by which living beings are animated, though apparently individual and distinct,

both from each other and from the Supreme Spirit, are in reality one with the

latter. They are not even emanations or portions of it ; they are identical with

it, and are only withheld from a consciousness of this identity by the illusion of

ignorance, arising from the mundane condition in which they have become in-

volved by the will of the Supreme Spirit, or by the eternal revolution of cause

and effect. But it is not merely the identity of all spirit that the Vedanta main-

tains ; it also asserts, according to the older form of the doctrine, as explained by

Mr Colebrooke, that the phenomenal world is evolved out of tlie substance of

Brahma. According to the more modern theory, however, the external world

has no real, but merely an apparent or illusory, existence. It is not necessary

that I should here attempt to expound all the refined details of this subtle and

elaborate system.* The above rough outline must suffice.

* Fi'om tlie account I have given of this philosophy in the article in the " North British Review,"

above referred to, I extract the following passage :
—" The doctrine accordingly takes a somewhat

different form in its gradual development. Assuming the same essential principle of non-duality

—
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The Vedanta is regarded as the most conformable to the Veda, and conse-

quently as the most orthodox, of all the five systems which I have described.

There can be no doubt that these schools are, in many respects, antagonistic to

one another ; and that in ancient times the founders and adherents of. the other

systems maintained as exclusively true the principles which their own specula-

tion had led them to embrace, without any deference to the Vedanta, as more

authoritative. All the systems profess to be founded on, or at least consistent

with, the Veda, the supreme authority of which, as I have already stated, they

recognise and enforce by different arguments. It is evident, however, that some

of them, such as the Sankhya and Nyaya, are founded far more on speculation

than on any data supplied by the Veda ; and that though their adherents could

no doubt find some passages of the latter which support their doctrine, the

Vedanta (while it has to explain away particular texts), is in general more con-

formable to the spirit of the later portions of the Hindu Scriptures,—I mean the

Upanishads. I say the " later portions," for the Vedanta (in common with all the

other schools, excepting only the Purva Mimansa) attaches very little importance

to the earlier and greater division of the Vedas,—including nearly the whole of the

hymns, and the ceremonial part of the Brahmanas, which, in its idea, do nothing

more than prepare the way for the knowledge of Brahma, the only object of study

which is of any real consequence. In assigning this subordinate rank to the

mythological and ritual portion of the Veda, the Vedanta only follows what we

have already seen to be the doctrine of the Upanishads themselves.

Although, however, it is clecir that in ancient times the Vedanta did not enjoy

any greater authority than the other schools, it has now come to be recognised as

the highest expression of Indian orthodoxy, and the study of the other systems

is regarded as merely preparing the way for its full comprehension. This is

distinctly affirmed in the Prasthana-bheda, a native summary of Indian litera-

ture by Madhusudana Sarasvati, which at the same time defines as follows the

leading tenets of the several systems :

—

" The difference in principle between these various schools is, when briefly stated, threefold. The
first doctrine is that of a commencement of the world ; the second is that of an evolution (or, modifica-

viz., that nothing exists but Brahma, or Deity—it no longer holds that he is transubstantiated into

the material world, for the objects of sense, it is maintained, have no real existence at all. The
outward world is only an illusion, just as when a rope (to use the Indian illustration), lying on the

ground, is by mistake taken for a serpent ; but this does not imply that the rope has been changed,

or has really become a serpent. In the same way, when it is said that the universe is Brahma, it

is not meant that he has really become the universe, but that he appears so. The existence which
the world appears to have is no real existence of its own, but the existence of Brahma attributed to

it. The name and the form which it has are derived from mdyd, or illusion. Brahma is the sub-

stratum of the illusion ; that is, he is not really the material cause of the world, as earth is of a
jar, but he is such a substratum as the rope is of the serpent, for which it is mistaken. As the

fancied existence of the serpent depends on the real existence of the rope, while the latter is not
actually changed into a serpent, so, too, the seeming existence of the finite universe depends on the

real existence of Brahma, though Brahma is not actually changed into the universe."
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tion) ; the third is that of an illusion. The first theory, that of the Logicians and Mimansakas is this :

atoms of four descriptions—earthy, aqueous, igneous, and atmospheric—beginning with compounds of

two atoms, and ending in the egg of the Brahma (the world), originate the universe ; and effects pre-

viously non-existent come into being fi'om the action of a causer. The second theory, that of the

Sankhyas, Patanjalas, and Pasupatas, is that Pradhdna (or Prakriti, nature), consisting of the three

gunrxs (qualities), sattva, rajas, and tamas (goodness, passion, and darkness) is evolved, through the

successive stages oi mahat (intellect), ani ahankdra (consciousness), &c., in the shape of the world
;

and that effects which had previously existed in a subtile form are (merely) manifested by the action

of a cause. Another form of the theory of evolution is that of the Vaishnavas, who hold the

world to be a development of Brahma. The third view, that of the Brahma-vadls (i.e., the Vedan-
tists), is that Brahma, the self-resplendent, the supremely happy, and the one sole essence, assumes,

unreally, the form of the world through the influence of his own illusion (Md(/d)
."

Having thus explained the principles of the different systems, the author pro-

ceeds,

—

"The ultimate scope of all the sages (munis), the authors of these different systems, is to sup-

port the theory of illusion, and so to establish the existence of one God, the sole essence ; for these

sages could not have been mistaken [as some of them must have been, if they were not all, of one

opinion], since they were omniscient. But as [they saw that] men, addicted to the pm-suit of ex-

ternal objects, could not all at once penetrate into the highest truth, they held out to them a variety

of theories, in oi'der that they might not fall into atheism. Misunderstanding the object which these

sages thus had in view, and representing that they even designed to propound theories contrarj- to

the Veda, men have come to regard the specific doctrines of these several schools with preference,

and thus become adherents of a variety of systems."

So far Madhusudana. The vast amount of thought which has been expended

upon these philosophical systems is evinced by the large number of commentaries

and treatises which have been composed for their illustration. It has frequently

occurred that the most celebrated commentaries have themselves in turn formed

the subject of glosses by later writers. The effect of this unceasing and long-

continued speculation has been, as might have been anticipated, that the doctrine

of the several schools has in process of time undergone, in some respects, con-

siderable modifications, and that some of the schools have become subdivided.

But the activity of the Hindu mind in philosophical thinking is not to be judged

by a reference to these six so-called orthodox systems only. There are many
others, such as those of the Ramanujas, Madhwacharyyas, Pasupatas, which are

regarded as less authoritative, and some which are characterised as absolutely

heretical,—such as those of the different Buddhist schools, and the Charvakas,

or Materialists, &c. &c.

Besides these sj^stems of philosophical speculation, there is a large body of

literature of other kinds which has grown out of the desire to understand the

Veda aright, and apply its texts and precepts correctly to the various exigencies

of religious worship and of social life. This literature is technically divided into

six Vedangas, or members of the Veda,—viz., the sciences of pronunciation, reli-

gious ceremonial, grammar, prosody, astronomy, and interpretation. The rules

of pronunciation are minutely explained in the ancient treatises called Pratisakh-

yas, of which several are extant. The rules of religious worship, as well as

prescriptions for the regulation of domestic and social life, are contained in certain I
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other sets of aphorisms, in which the results of older works and traditions are

reduced into a condensed and more scientific form. These aphorisms, in their

turn, have supplied the materials for the formation of such later works as the

ceremonial and legal institutes of Manu, Yajnavalkya, &c. The department of

grammar is now represented by a very large literature. This science has been

carefully studied in India from an early period. The famous grammarian

Panini, the oldest whose complete works have come down to us, is considered to

have lived several centuries before the Christian era ;* but he alludes to various

authors, and even to two schools of grammarians, as having preceded him.

Yaska, too, the interpreter of the Veda, who is regarded as older than Panini,

refers by name to numerous grammarians and etymologists who lived before his

time. The eight books of Panini contain, in the form of short aphorisms, a com-

plete grammatical system, founded no doubt on the labours of his predecessors,

as well as on his own observations. The aphorisms are not only brief, but very

technical. For instance, the various affixes by which the formation of derivatives

and the inflection of words and roots are effected, are denoted by letters which,

being rather algebraical symbols than distinct representations of the changes

which their application is intended to produce, could not be understood without

accompanying explanations. These aphorisms have become the subject of minute

annotation by two very ancient authors, Katyayana and Patanjali (whose Maha-

bhashya is an elaborate work of great extent), and by others ; and have also

formed the basis of numerous grammars in which the materials have been differ-

rently arranged, as well as the occasion of other treatises devoted to the discussion

of particular topics. The Prakrit (or mediaeval vernacular) languages have also

been treated in different grammatical works, which contain the rules according to

which these different dialects modify the words and inflections of the Sanskrit.

It is now time that I should say something of the remarkable religious revo-

lution of which India had in the meantime become the theatre. 'Sakya Muni, or

Gautama Buddha, the author of this great movement, belonged to the warrior

caste, and was the son of an Indian prince. Being of a thoughtful and medi-

tative turn of mind, he abandoned his father's court, betook himself to a reli-

gious life, and studied under the most famous Brahmanical teachers of his day.

j

He was not, however, satisfied with their doctrines. Though he held fast by
' the old Indian tenet of the transmigration of souls, he founded on it a new
superstructure of his own, in many respects different from that of the Brah-

mans. The substance of the new system was, that by the attainment of tran-

scendental knowledge, and by the enlightened practice of moral virtues, men
.could be delivered from the miseries of renewed mundane existence, and enter

into the condition of nirvana. This doctrine he preached to people of all

classes without distinction, and in the vernacular tongue. In both of these

* See Professor Muller's Anc. Sansk. Lit., pp. 304, ff. ; Professor Goldstucker's "Panini, his

place in Sanskrit Literature."
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respects Buddha departed from the principles of the Brahmans, who originally held

that the highest knowledge was, primarily, at least, the exclusive privilege of the

superior castes, and who communicated that knowledge through the medium of

learned treatises in an abstract and scholastic shape. The new teacher rested his

pretensions, first, on the benevolence of his character and the sanctity of his life

;

and, secondly, on the supernatural knowledge and faculties which were regarded

as necessarily springing from that sanctity. His own past existence had not

been exclusively divine ; he had passed through various stages of transmigration,

gradually accumulating merit, and earning the favour of the preceding Biiddhas;

and by their grace, and his own efforts, he was now advancing to the highest

perfection. This system recognised no supreme Deity. The previous Buddhas

had risen to their divine dignity by the same stages as their successors were to

pass through. As Buddha prohibited the destruction of animal life, and was

therefore opposed to the sacrificial rites of the Veda, and as his doctrine evidently

tended to set aside the prerogatives of caste, he was certain to encounter the

opposition of the Brahmans. The Buddhistic legends recount the various dis-

plays of miraculous power by which he discomfited his opponents, and persuaded

multitudes to embrace his doctrines. The new creed triumphed over Brah-

manical opposition, gained an increasing number of adherents, and a few cen-

turies after the founder's death was not only widely diffused over Northern

India, but had also been propagated by zealous missionaries in the suiTounding

regions. It is, however, a remarkable fact, that this system, which retained such

a permanent hold on foreign countries such as Ceylon, Burma, and China, was

destined to die out on the soil from which it had sprung. The causes of this

decline and extinction of Buddhism in India have not yet been properly investi-

gated. It is greatly to be lamented that the illustrious scholar, EuGfiNE Buenouf,

who threw so much light on the origin of Buddhism,* should not have lived to

extend his researches into the later fortunes of this religion in its native country.

Whether it was that the Brahmans, by regaining their ascendant over the minds

of the Indian princes, or by accommodating their mythology and ceremonial to

the popular taste, succeeded in overpowering the Buddhists, and in expelling

them from Hindostan, or in terrifying them into submission, or whether it was

that Buddhism, by abandoning its original principles, had lost its early influence,

and so merged into the superstitions by which it was surrounded,—the fact is

undoubted, that it has now disappeared from every part of the Indian continent

except Nepal. As nirvana, the final goal to which Buddhism professes to conduct

its disciples, is considered by most scholars to mean nothing different or distin-

guishable from annihilation, the wonder is rather that this system should have

continued to flourish anywhere, than that it should have ceased to exist in India.

* See his " Buddhisme ludien," from which the above sketch has been derived, either immediately

or at second hand ; M. Barthelemy St Hilaire's woi'k on the same subject ; Pi'ofessor H. H.

Wilson's paper on Buddhism, in the Journal of the Royal Asiatic Society for 1856; and Professor

Max Muller's Sketch of Buddha's career.
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The limits within which I am necessarily restricted will not allow me to

supply any further details regarding the subsequent religious history of India, or

regarding the Itihasas (the so-called epic poems), and the Puranas, those volu-

minous collections of legends and mythological stories, in both of which classes

of works that religious history may be obscurely traced. Nor can I give an}^

particular account of the later poetry, narrative and dramatic, of the Hindus,

which, by its polished, elaborate, and rhetorical character, is widely distinguished

both from the simplicity of the Vedic hymns, and from the tiresome and inarti-

ficial prolixity of the epic poems and most of the puranas. I must also omit every-

thing but a passing reference to the treatises on algebra and astronomy by which

the Indians have established their title to an honourable rank in science as well

as in literature. I will only mention, that in these treatises they repudiate the

mythological fiction of the earth being supported on a serpent or a tortoise, and

assert its rotundity and self-sustaining position in space ; and that Arya Bhatta,

one of their most ancient astronomers, maintained the rotation of our globe on

its own axis.

Enough has however been already said to refute the old idea that the Hindus

are a stationary and unchangeable people, to give some conception of the great

antiquity of their civilisation, of the chief productions of their genius, and of its

wide range and versatility, and to show that, though inferior to the Greeks in

correctness of taste, in the sense of harmony and proportion, in robustness of

intellect, and in practical sagacity, they yet rival their great Western kinsmen in

speculative subtlety, originality and elevation*

* I quote from the "North British Review" for May 1856, p. 213, the following estimate of

the Indian intellect :—" The Indo-Arians partake largely in all the higher qualities of the Indo-

Germanic race—in their capacity of self-development, their intellectual power, their love of science,

their tendency to metaphysical speculation, their aspirations after ideal and spiritual perfection, their

taste for the fine arts and for elegant literature. And yet they are distinguished by marked char-

acteristics of their own, corresponding to their position as an Asiatic nation. They do not possess

the masculine nature of the kindred tribes who migrated to the north-west. While the Greeks, with

all their speculative genius and exquisite sense of the beautiful, were a restlessly active, energetic,

and practical people, the Hindus, on the other hand, have manifested a sti'ong tendency to repose,

and to dreamy contemplation. While the Greeks sought, as far as possible, to realise their concep-

tions of ideal truth and good in the outward world, in forms of visible beauty, or of political

organisation, the Hindus, rejecting the material universe as a theatre or permanent instrument of

perfection, came soon to regard the world of the senses as, on the contrary, the necessary source of

all evil and disorder, and to seek their chief good in a purely spiritual state, emancipated from all

mundane relations, and from ordinary human feelings and interests. Their philosophy, properly so

called, has all a religious aim ; every branch of it professes to unfold a scheme of knowledge of

which the declared end is to enable its possessor to free himself from the bondage of worldly exist-

ence. Its logical and metaphysical systems, while displaying wonderful acutsness and subtlety, are

too much concerned with abstruse and unpractical niceties, and with the controversial anticipation

of all possible and impossible objections. Gifted with a luxuriant imagination, with tenderness of

feeling, with sensibility to natural impressions, with a delicate perception of the nicest shades of

thought, and of the harmonies of language, the Hindus are yet deficient in correct taste, and in a

sense of the true sublime : their poetical power is wasted on tasteless refinements or jingling allitera-

tions ; and when dealing with the vast, or the terrible, they are prone to mistake exaggeration and
aggregation of magnitude and numbers for forcible and impressive representation." See Lassen's
great work on Indian history, the " Indische Alterthumskunde," vol. i. pp. 412, ft.
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On FagnmiVs Theorem. By H. F. Talbot.

(Read 20th April 1863.)

Before proceeding to the subject of this paper, I wish to advert to the follow-

ing well-known theorem.

Let ABC be any triangle with its inscribed and circumscribed circles. Then

if we take any other point D in the exterior circle,

and draw the tangents DE, EF, FD, the last tangent

will come again to the original point D. A similar

theorem is true of a polygon of any number of sides

which is both inscribed in, and circumscribed to, a

circle. Also if ellipses are substituted for circles.

Of these theorems I remember to have seen a de-

monstration founded on the theory of elliptic in-

tegrals. But this appears to me to be a great

waste of analytic power; for the theorem really

results from first principles, as I think will be

manifest from the following considerations.

I shall take the simplest case, that of two circles inscribed in, and circum-

scribing, a triangle, because the reasoning is similar in the more complicated cases.

Lemma 1. If there are two circles, one within the other,

and if AB, CD, are two chords of the outer circle, touching

the inner circle, then if C lies between A and B, D does not.

For it is plain that a line drawn from C to any other

point in the arc AB, would not touch the inner circle, which

is contrary to the hypothesis.

If a circle lies anyhow within another, and tangents

1, 2—2, 3—3, 4, be drawn,

then, generally speaking, the points 1 and 4 do not

coincide. The arc 1, 4, may be called the deviation,

and if more tangents 4, 5—5, 6—6, 7, be drawn,

the arc 4, 7, is the second deviation.

Lemma 2. The successive deviations are con-

stantly in the same direction, and consequently the

total deviation increases till at length it surpasses

any given arc of the circle.

Demonstration. Since the point 4 (as repre-

sented in fig. 3) lies between 1 and 2, the point 5,

at the other end of the tangent, lies between 2 and

3 (by the first lemma), and for the same reason the point 6 lies between 3 and 4.
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Consequently, 7 lies between 4 and 5 ; that is, the deviations 1, 4, and 4, 7, are in

the same direction. And the total deviation tends to increase without limit, be-

cause it is plain, from the nature of the problem, that the deviations are quantities

of the same order (though sometimes larger, sometimes smaller.)

Theorem I. (see fig. 1) If a triangle ABC is inscribed in one circle and

circumscribed about another, then if any point D be taken in the outer circle, and

three tangents, DE, EF, FD, be drawn, the extremity of the last will coincide

with the original point D.

For if not, let its extremity be D'. It is immaterial on which side of D we

suppose D' to lie. Let it be between D and C. Then calling D the origin, and

D' the terminus, of the three tangents, it follows from lemma 1, that both D
and D' lie between A and C. For however near to C we take an origin,

the terminus and origin cannot lie on opjiosite sides of C. Now to return to the

case represented in our figure. We have supposed D the origin, D' the terminus.

Take D' as a new origin, and D" will be the new terminus. Continue the

process, and successive termini D'", D"", &c., will be obtained. All the devia-

tions DD', D'D'', &c., are in the same direction, and the total deviation ultimately

surpasses any given arc, and therefore surpasses the arc DC (by lemma 2).

But this result involves an absurdity, since it implies that a certain origin D„

and terminus D„+i are on opposite sides of C. Therefore the supposition from

which we started, viz., that D and D' are different points, leads to a false con-

clusion. Consequently those points are the same. Q.E.D.

Moreover, the theorem is true when two ellipses, one lying within the other,

are substituted for circles. For, by Salomon's Conic Sections, p. 308, two ellipses

can be so projected that both will be circles, and of course the projection of the

triangle inscribed to the one and circumscribed to the other ellipse, will be a

triangle inscribed and circumscribed to the two circles. Such a triangle has the

property (as we have just shown) of remaining always c/os^c? or complete, however

we vary the point of origin, which may be taken in any part of the outer

circle.

And therefore all triangles inscribed and circumscribed to the two given

ellipses are closed and complete. For otherwise their projections could not

be so.

Theorem on the Ellipse.

In Salmon's Conic Sections, p. 297, we find the following beautiful theorem,

due to Dr Graves.

If two ellipses have the same centre and focus, and a pair of tangents be

drawn from any point of the outer to the inner ellipse, the difference between

the sum of the tangents and the intercepted elliptic arc is a constant quantity.
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From this theorem a very remarkable consequence may be drawn. Let ABC,

DEF, be the two ellipses having same centre O and foci S, H. Moreover, let the

axis major of one bear such a proportion to that of the other, that if two chords,

AB, BC, be drawn in the outer

ellipse touching the inner one at

E and F, the third chord CA
shall also touch it at D. Then

by Graves's theorem BE + BF—
arc EF= C, a constant. Also

CF + CD-arc FD= C, and AD +

AE- arc DE= C. Therefore add-

ing these equations together, we

find that the periphery of the

triangle ABC, minus the peri-

phery of the ellipse =3 C. Now,

by the preceding theorem I., we
know that if, instead of iV, we take

any other point A' of the outer Fig. 4.

ellipse as the origin, and draw tangents A'B', B'C, CA', from it to the inner

ellipse, they will form a closed triangle. Its periphery, minus that of the ellipse,

will = 3 C, by the same reasoning as before. Therefore the peripheries of the two

triangles are equal. But the same reasoning applies to a closed polygon of any

number of sides. Whence the following theorem :

—" If two ellipses, with same

centre and foci are such that a polygon can be inscribed to the one and circum-

scribed to the other, the periphery of the polygon is constant, whatever point of

the outer ellipse be assumed as its origin."*

After I had arrived at this theorem, I found that M. Chasles had given one

nearly resembling it (Comptes Rendus, 1843, p. 838), with the additional remark,

that since every two consecutive sides of the polygon are equally inclined to the

periphery of the outer ellipse, a ray of light might describe such a polygon, by

successive reflections at the periphery ; and therefore it would always be a

tangent to an inner confocal ellipse. But I think this remark may be rendered

yet more striking by considering the cases in which the polygon is not closed. If

this occurs when the origin is any point A, it will also occur when any other

point is assumed as the origin. The path of the ray of light under these circum-

stances would be constantly varying, but always tangent to the inner ellipse, so

that ultimately, after an infinite number of reflexions, the ray will have passed

* It is unnecessary to say with Chasles that they must be polygons of the same number of

sides, for they cannot be otherwise. M. Chasles, in his paper here referred to, gives no demonstra-

tions. I am not aware whether they were subsequently published.
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over every part of the space intercepted between the ellipses, leaving untouched

the whole of the interior ellipse.

FagnanHs Theorem.

Let us now consider MacCullagh's Theorem, given by Salmon, p. 297.

If any ellipse is cut by a hyperbola,

having same centre and focus in the point

K, and from any point T of the hyperbola

a pair of tangents TP, TQ, is drawn to

the ellipse, the difference of the tangents

equals the difference of the arcs PK, QK.
As an example of this, let tangents

be drawn at the extremities of the major

and minor axes, meeting in T, and let a

hyperbola, having same centre and focus, be so drawn as to pass through T, and

cut the ellipse in K. Then the elliptic

quadrant PQ is so divided in K, that

PK-KQ=PT-TQ=«-^», or the dif-

ference of the semiaxes of the ellipse,

which is Fagnani's theorem (Salmon,

p. 298).

Now, let the point T advance con-

Pig. 6. tinually along the hyperbola, and the

intercepted arc will of course always be divided at the same point K. Ulti-

Fiff. 5.

Fig. 7.

raately, the point T may be supposed to attain the asymptote at an infinite

distance. The two tangents TP, TQ. are then parallel to the asymptote. Their
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difference is equal to the difference of their extremities which touch the ellipse,

and are cut off by any line at right angles to them. Call this difference D. The

intercepted arc is then a semi-ellipse, because, when tangents are parallel, the

line joining the points of contact passes through the centre.

Now we have PK-QK=PT-QT=D, and BK-AK=a-b; therefore, by sub-

traction, PB-QA=D- (a -5). But the arc PB = QZ, .-. QZ-QA=D_(«-J).
But ZA is a quadrant of the ellipse, therefore this quadrant is so divided in the

point Q, that the difference of QZ and QA is a known straight line=D -(«-&).

Now, it is by no means obvious, whether or not we have thus obtained a

division of the elliptic quadrant different from the one we first obtained. This

point can only be settled by a rigorous demonstration ; the result of which gives

this curious theorem D=2 (a-5). From which we see that QZ-Q,A=«-^»=BK
-KA, so that the elliptic quadrants BA and ZA are divided at corresponding

points K and Q, and the arc AK=AQ. And since the tangent at Q or QT is

parallel to the asymptote, it follows, by parity of reasoning, that the tangent at K
is parallel to the other asymptote. Moreover, if we draw MCN through the

centre, at right angles to PT and QT, it is plain that D=PM + QN, or since these

lines are equal, 2(«- 5) =D=2QN .'. Q'N=a-b, hence the point of division Q is

such, that the perpendicular let fall from the centre on the tangent at Q, cuts off

from it a portion Q'N—a—b.

It remains, therefore, to demonstrate a prio?'i the theorem we have just indi-

cated, viz., that QN=a-b, whence the

other properties mentioned will follow.

We shall, at the same time, obtain the

demonstration ofmany other theorems.

Let CA, CB, be the semi-axes of an

ellipse, denoted by a, b. Complete the

rectangle BCAD. Let A, B, be the

semi-axes of a hyperbola, having same

centre and focus, and so drawn as to

pass through the point D, whose co-

ordinates are a, b. Then, according to

Salmon (Conic Sections, p. 298), the

co-ordinates ofthe point P, which is the

intersection of the two curves, are, x^=

Pig. 8.

a + hT>y' a + h'

We shall reverse this order of reasoning, and suppose a hyperbola drawn with

centre C, axis in the line CA, and passing through the points D and P, and then

show that such a hyperbola has the same focus with the ellipse. In the first

place, then, the point whose co-ordinates are cc^=
a + b'

/= a + b

VOL. XXIIL TART IL

lies in the ellipse,

4k
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for those co-ordinates verify the equation to the elUpse ^—,+^= 1. The substitu-

tion gives
a + Y =^' which is identically true.

a + h a + h

Secondly. By hypothesis, the equation of the hyperbola -ry— ^=1, is satisfied

by the values x=a, y=h., which gives (1)

a"
or

a + h'
r =

a+h'

which gives (2)

Subtracting (2) from (1)

a'

2 7 2

-T^ - TvT = 1 , and also by the other values

= 1.
{a + h)A? (a + J)B-

a'h h^a

{a + h)A? {a + h)W-

.-. X2 = g2 which gives the remarkable result A.- :
'Q^

: : a : h, showing that the

elliptic semi-axes are in the duplicate ratio of the hyperbolic ones. Hence if

A?=zka, B2=^J {k being an indeterminate.)

^2 52

To determine its value, we resume the equation (1), x^
~

132
=^

which gives ;^ ~^ = ^ ' whence k=a-h.

Therefore the squares of the semi-axes of the hyperbola, are K'^=a (a-b),

W=b (a—b). From whence, by addition, A^ + B- = a^-b'^.

It remains now to verify the confocahty of the two curves. If C is their com-

mon centre, and F the focus of the ellipse, we have CF-= d^-b\ by the property

of the ellipse, and if F' is the focus of the hyperbola, we have CF'2=A2 + B2 by the

property of the hyperbola. .-. if F and F' are the same point

CF2 = CF'2 or a^-h'^ = A''+B\

But we have shown that this equation exists, and therefore the curves are confocal.

Thus we have proved that the squares of the

co-ordinates of the point P, where the confocal

ellipse and hyperbola intersect, are,

—

-3 „ h'
->.2_^-

a+ b
>y a + h'

Therefore (1) CF'=.v^ +y^ = ^'^^=a''- ab + b^

Let CQ be the conjugate to CP.

.-. (2) CF' + CQ' = a' + b^ by a property of the

ellipse.

Subtracting (1) from (2), we find CQ,'^ = ab.

Let CN be perpendicular on the tangent PN, then by another property of the
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ellipse, CN . CQ=«J ; whence CN' . CQ^ = a"'h\ Divide this equation by CQ^^^ah

. •. CN2

=

ah, and . •. CN= CQ. But now, since CP' =a' + h''- ab, and CN^ = ah, there-

fore PN2=CP2-CN2 = «2 + 52_2^j^ .-. PN=a-5, which is the theorem we under-

took to demonstrate.*

It is curious that CQ when prolonged, becomes the asymptote of the hyper-

bola. Perhaps we have already offered sufficient proof of this, but the reader

may not object to see it proved in another manner.

The equation to the ellipse ^+p=l gives ^=-- • ^• But the value

Thereforeof - at Fagnani's point is j|=^3-

dy It "P

= - J-= - y But by the property of the by-

perbola, if C be the centre and CA, CB (or A, B),

the semi axes, the asymptote CD will be found by

completing the rectangle ACBD, and joining CD.

.-. the asymptote makes, with the axis CA an

angle, whose tangent =cT~A' ^°^ *^^ other

asymptote makes an equal angle below the axis,

whose tangent is therefore —-^. But we found —7= — x', therefore, the tangent

to the ellipse at the point P, or («, p) is parallel to the second asymptote. Con-

sequently, the conjugate semi-diameter CQ, is a portion of that asymptote.

Since the two curves are confocal, they ought to intersect at right angles.

Let us verify this. We have seen that the equation to the ellipse gives

Fig. 10.

dy B
£-= - T- at Fagnani's point. But the equation to the hyperbola T2-g2 = l gives

. ^dy ^r B2 A^ B2 A ^ _, , ,, B
at the same pomt ;;j^=-

•

-^^dx y

A^ W A
-^ =-g- But these two results, ^ in the ellipse,

and w in the hyperbola (neglecting the signs) are reciprocals. Therefore at the

point of intersection the two curves make angles with the axis, whose tangents

are reciprocals, and therefore they intersect at right angles.

Hence this curious theorem " At the point of intersection P, the normal to

the hyperbola is parallel to one of its asymptotes."

* These properties, viz., that CN = CQ= va6, and that PN= a— 6 are proved by Brinkley
ia quite a different manner (Trans, of the Royal Irish Academy, vol. ix. p. 146, &c.). He likewise

proves, that if CQ produced cuts in O, the circle described on the axis major as diameter, a perpen-

dicular let fall from O on the axis, cuts the ellipse in Fagnani's point. But I have shown that CQ
produced is the asymptote of the hyperbola, .•. an ordinate to the ellipse at Fagnani's point, passes

through the intersection of the asymptote and circle. In other words, tlie common chord of the ellipse

and hyperbola, being produced, becomes the common chord of the circle and the two asymptotes.
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For that normal is tangent to the elHpse, and the asymptote coincides with the

conjugate diameter.

Now, let us draw three vectors to the hyperbola, from the centre, making the

angles 0, 6', &', respectively with the axis. The first to be drawn to a point

infinitely distant (and, therefore, it will be the asymptote), the second to the point

D, and the third to the point P (see fig. 8). Then, if we call tan Q-t, we have the

following curious property,

—

tan ^= ^2

tan &'=.t^

For tan ^--r-, and tan 6'-- = -^ and tan ^" = -, at the point where the curves inter-

sect; and .'. =\/^ = -^.

Since Q is less than 45°, and .-. tan Q less than 1, the angles Q, 6', 6", become suc-

cessively smaller.

Another remarkable property is the following (see fig. 9) :—At the point P,

where the curves intersect, and where the elliptic quadrant is algebraically

divided according to Fagnani's theorem, the line PN intercepted by the perpen-

dicular CN on the tangent, is a maximum. For if we examine in an?/ ellipse

what must be the position of the point P, in order that PN may be a maximum,

we shall find it to be characterized by those values which we have already shown

to belong to P in Fagnani's theorem. This may be shown as follows :

—

In any ellipse, let C be the centre, CP, CQ, conjugate diameters, PN a tangent,

and CN or p the perpendicular to it.

We have CQ=^ .-. Cq^ =^r-

Subtract GW^p'

Let this be a maximum. Therefore since a^ + b' is constant, —^ + »^ must be api jr

71

minimum, or putting a^b^=n, and ^9^= ^;, then- + .t% is a minimum.

Differentiating this, we find cc=\/n; or p^ = ab. From this value we find

G(^=ab, and .*. CQ=^, and PN^ =«'' + &'*—«6-a5; .-. PN=a— J. And as these

were the values which we found before for the same lines, it is evident that P

is the same point which we were considering before. Therefore, at the point P,

which may be called Fagnani's point, the line PN is a maximum.
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Additional Remarks.

I will here add two or three other theorems, which have suggested themselves

in the course of this inquiry.

If BCA is an ellipse, and P is Fagnani's point,

and the tangent OPT is drawn terminated by the

axes produced, then OP= CA, and PT=CB.

Demonstration.—Let CA=«, CB=Z), CN=^,
2 2

PN=?/. The equation is ^+|2 = 1- At Fagnani's

point we have,

a?,3 53
"- — 7, and 2/^ = —TT-

Therefore a + &= -g = -5. Hence a(a-\-h)=—„ and &(« + &) = -,

.

x^ y^ ^ ^ x' y

a* &*
Whence by addition (a + 6)^ =—3 + -j.

Fig. 11.

6^
Now we have by a general property of the ellipse CT = — and 00=—, whence

X y
a* 6*

0T^=—2 +-2, which we have just proved to be equal to (« + 6f. Therefore we
», ^ y

have the curious result, 0T=« + J.

Now, OT : OP : : CT : MP;

or, a + l OP : :
-
X

X.

Therefore OP =(« + &)
X

And since at Fagnani's point -,'= it follows that
a' ^ a" a + b'

0P=:«. And similarly it is shown that FT=b.

From whence the following curious theorem follows,—It is well known that

if OCT is a right angle, and OT is a line of given length, which moves so as to

keep its extremities constantly in the lines CO, CT, then any point P of the line

OT will generate an ellipse. But there is only one position of the line OT in

which it touches the ellipse.

Theorem.—If the generating line OT touches the ellipse, the point of contact P
is Fagnani's point.

Hence, if we let fall the perpendicular CX upon OT, then OX=PT= semi-axis

minor. For OF=a, and we have seen in the course of this investigation, that

VX = a-b .-. 0X=0P-PX=6.

The following corollary is also worth remarking.

OP- arc BP=PT- arc PA.

VOL. XXIII. PART II. 4 L
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And also the following:—Of all the lines, which touch the ellipse, and are

terminated by the axes produced, the shortest is OT, which touches at Fagnani's

point.

The simplest proof of this, is by the doctrine of infinitesimals. Let the line

of constant length OT (which we called above the generating line) assume another

position O'T, it will now be a secant to the ellipse, and P will occupy another

point in the curve. But if the position O'T' be taken infinitely near to OT, and

P' to P, then OT' must be considered as still being a tangent ; and thus we see

that the tangent at P', limited by the axes produced, has the same length which

it had before [the part OP having gained an infinitesimal quantity 8, and the part

PT having lost exactly the same], which is the character of a minimum. There-

fore, OT is the minimum tangent, terminated by the axes produced. It is curious,

that while OT=a + b is ih.Q Minimum of its kind, PX=«-& is the Maximum of its

kind, as we proved in another part of this Memoir.

This result may also be obtained by the differential calculus, as thus :

—

And when OT is a minimum,
a*da;_ b^dy

x^ ~ y^
'

But by differentiating the equation to the curve, -2 + ^='^^, we find -^ = -^ .

which is always true.

Dividing the first of these equations by the second, we get -?= ,-i
whence -g =

•*- y y

T3, which is the property which characterises Fagnani's point.

I will terminate this paper, by giving some remarkable properties of confocal

ellipses and hyperbolas.

Lemma.—h^i XY be the directrix of an ellipse, and P any point, we have by

a property of the ellipse

HP : PX : : e : 1

e being the excentricity,

.-. PX=??
e
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Pig. 13.

Therefore, calling CN, x^ we have, when the point is at the extremity of the

minor axis,

e : 1 : : HB : BO
: : HB : CN +PX

HP
e

Therefore «=e.t7 + HP
and HP=a— ex.

This equation to the ellipse may often be

useful.

Theorem A.—If an ellipse and hyper-

bola are confocal, the line from the focus

to the point of intersection equals the distance between the Vertices. Let S, H, be

the foci, P the point of intersection,

a, h, the semi-axes of the ellipse ; A, B,

those of the hyperbola, and V its Vertex,

SP + HP=2CA, and SP-HP=2CV
•. 2HP=2(CA-CV)=2VA

.-. HP=VA= a-A. Fig. 14.

The distance CH, between the centre and focus is usually expressed by ae, or e

times the semi-axis major. But since in theorems concerning two or more con-

focal conies, CH is the only invariable line, it is convenient to denote it by unity.

We will therefore in the sequel suppose CH, or ae—1; and, therefore e=-. It

must be borne in mind that the condition of confocality gives the following rela-

tion between the axes,

—

a2-&2= i=A2 + B2.

Theorem B.—The same suppositions being made as in the last theorem, the

co-ordinates of the point of intersection have the values

x= A.a y= 'Bb.

And CP the central distance of the point of intersection, is equal to VB, which

also has the value,

—

For we proved in the last theorem that

HP=a— A, but by the Lemma
(
putting e=-j

,

HP=a-X

- = A, or x= Aa.
a

Therefore,

It remains to find the value of y
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Take the equation to the ellipse %+'^=l, and substitute for cc its value Aa,

And a similar result is obtained from the equation to the hyperbola, viz.

—

A2 B'~

.^=1, .-. ^^=a'-l = b' ..y= Bb.

For this gives, by putting for a; its value Aa,

The remainder of the theorem is thus demonstrated,

—

Since aj= Aa, and j^= B&,

= A2a2 + (l-A2) (a2_i)= A2+a2_i=A2 + 62

= VB2; and therefore CP=VB.

From heuice we derive the following remarkable property of confocal conies :

—

If two ellipses and two hyperbolas have all of them the same foci, and inter-

sect in four points, k, I, 7n, n, forming a curvilinear

quadrilateral, the straight lines /???, kn, which form the

diagonals of this quadrilateral, are equal to each other.

Demonstration.—Let the semi-axes of the ellipse

and hyperbola nearest the centre be called a, h, and A, B

;

and let those of the ellipse and hyperbola farthest from

the centre be called a', V and A^, B'.

Let the co-ordinates of the point I be x and y.

those of m...oc^ ... 2/j

those of k ... x^... y.2

those of n ••• ^3 ••• 2/3-

Then the square of the diagonal Im= {x^-xf + (y, -yy

And of the diagonal ^^ = (^^3 - ^f'-jf + (2/3- V^f-

What we have to prove, therefore, is that these two expressions are equal.

Now, since the point / belongs to the ellipse whose semi-axes are a, b, and

also to the hyperbola whose semi-axes are A, B, we have

x=Aa y —Bb. And for similar reasons,

Xj^^A'a' 2/i
= B'6'

fl72= Aa' 3/2= B&'

^3= A' ay^= B'b

Therefore, ^^j = Aa x A' a'

And. ^2^3— ^^' ^ -^'^

'

And therefore, xxj^=x^x^, each side being the product of the four semi-axes

major.

I
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In a similar way it is shown that yy^ = y^y^ , each side being the product of the

four semi-axes minor.

Now, we wish to prove the equality of the expressions

(.r, -xy + (2/1 -yf and {x^- x^^ + (2/3
- t/j)^,

Subtract from them respectively the quantities

- 2 {xx^ + yy^ and - 2 {x^x^ + 2/3^2)

which we have just proved to be equal.

The remainders will be sc^^-x.^-vy^+y'^,

And -^2^ + ^3" + 2/2^ +2/3"-

And now it is required to prove that these two remainders are equal.

But we have proved in theorem B, that

«2+2/2 = ^2^^2_i . and by similar reasoning,

Therefore (.2?^+^^) + (.2?/ + ?/i^)
= — 2 + the sum of the squares of the 4 semi-axes

major.

And by similar reasoning, {oc^ ^yi) -ir {00^ -^ yi^ is equal to the same quantity.

Therefore the two remainders are equal ; and therefore the theorem is demon-

strated.

From this theorem several others may be deduced, by giving extreme values

to the four curves.

In the first place, if the two ellipses are drawn infinitely near to each other,

and likewise the two hyperbolas infinitely near to each other, then, because con-

focal conies always intersect at right angles, the small quadrilateral formed by

the four intersections will be a rectangle, and of course its diagonals will be

equal.

Next suppose that the axis minor of the first ellipse is infinitely diminished,

the quadrant of the curve will be reduced to the straight line CH, extending from

the centre to the focus. At the same time let the semi-axis major of the first

hyperbola be infinitely diminished, and the vertex of it will then coincide with

the centre, and the curve itself will become a straight line in the direction of the

axis minor produced to infinity. The four curves will thus be reduced to one

ellipse and one hyperbola, and two rectangular straight lines. The quadrilateral

figure then becomes BCVP (see figure 14), and our theorem asserts that in that

case CP = BV, the truth of which was independently proved in theorem B.

Now, let the other hyperbola also have its axis minor infinitely diminished, its

vertex will then coincide with the focus, and the curve will be reduced to the

straight line HA produced to infinity. The line CP then becomes CA, and BV
VOL. XXIII. PART II. 4 M
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becomes BH (see fig. 14). Our theorem asserts, that in this case CA= BH, the

truth of which is otherwise manifest.

Again, let CA, CB, and CX, CY, be the semi-axes of

the two confocal ellipses, but let the confocal hyper-

boles be reduced as before to the straight lines CBY
(produced to infinity), and AX (produced to infinity),

the intersections of the first hyperbola with the ellipses

"aTx will be B and Y, those of the second A and X. The
Fig- 16- diagonals will become the lines BX and AY ; and our

theorem asserts that in this case BX = AY, which may be proved independently

as follows :

—

Let the semi-axes of the smaller ellipse be a, b, and of the larger one a, (3.

Since they are confocal, a^-b^ = a2-/3^ and therefore

a^+^'-^a' + b-.

But a^+^^ = AY2, and a^ + 6^ = BX^.

Therefore AY=BX.
This theorem may be thus enunciated :—
" If the alternate vertices of two confocal ellipses are joined, the lines joining

them are equal."

The co-ordinates of (x, y) the point of intersection of a confocal ellipse and

hyperbola, may also, if preferred, be readily deduced from first principles, as

follows :

—

Given the confocal ellipse and hyperbola whose equations are -2 +^= 1 and

xa— g2 = 5» with the condition that a- — &^ = A- + B^ = 1 to find the values of x and i/

the co-ordinates at the point of intersection ?

&2 B^
The equations give respectively y^= b-- -jx^ and y^=-^. x'^-B^. Equating

/Wa^ + 6^A*\
these values of ^^ we find 'B^ + b^=x- i—^2^5— ) • Now, substituting l-A^ for

B^, and a^-1 for b\ we find that B'^ + P=a^-A^, which is also equal to B^a^ + b^A',

and therefore may be omitted on both sides of the equation, which reduces itself

to 1 = Tz-i whence cc=Aa.

Additional Note.—In the second page of this Memoir it is said, that the total

deviation tends to increase without limit. To this it may be objected, that the

successive deviations may possibly form a diminishing series, having a finite sum.

But it can be easily shown that two successive deviations, when they are small,

are (very nearly) equal to each other. Moreover, after diminishing to a certain

extent, the deviations increase again, having one maximum and one minimum

value in the course of one entire revolution round the circle.
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ERRATUM.
I regret tliat, owing to the circumstances under which the last of the Meteorological

data were obtained, an error has crept into one of the tables, and from the table, some-

what into the text also. The Meteorological data for the quarter ending December 1862
were obtained from the Observatory, on slips of paper, from time to time, as they were

reduced. I was obliged in this way to anticipate their publication, as the time for reading

my paper was fixed for the 2d of February. Unfoi'tunately, in constructing Table B, the

slip of paper with the figures representing the number of rainy days, the rainfall in inches,

and the direction and force of the winds for November 1862, was employed in the October

column, the figures which ought to have been there finding their way into the November
column. This error in Table B still exists.

The errors in the smaller tables of the text, arising from this transposition, are not of

serious import ; and indeed, if they had not occurred, the inferences drawn from the tables

would generally have been only more apparent. The errors do not exist in Tables A and C,

nor in the Diagrams ; and in order to correct the errors of the smaller tables, it is only

necessary to test the accuracy of the figures, by reference to one of the latter tables, in the

few instances in which the rainfall and winds of October and November 1862 are quoted

as illustrations.
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XXV.

—

On the Influence of Weather upon Disease and Mortality. By R. E.

Scoresby-Jackson, M.D., F.R.S.E., F.R.C.P., Lecturer on Materia Medica and

Therapeutics at Surgeons' Hall, Edinburgh. (Plates XIV.-XVIII.)

(Read 2d February 18G3.)

The subject to which I have to invite the attention of the Society this evening

is one of no modern origin, the name of Hippocrates, amongst others of the

fathers of medicine, being commonly associated with it. There is, indeed, perhaps

no branch of medical inquiry whose history dips more deeply into the obscure

pages of antiquity. The influence of weather upon disease and mortality has

been acknowledged as a potent external force in every age, from that eminently

speculative and credulous period when physicians professed to receive their

diagnostic as well as their therapeutic inspirations from the stars, down to our

own day. And yet there is perhaps no question in the whole cycle of medical

sciences which has made slower progress than the one we have now to consider.

People believe that the weather affects them. They speak of its influence, some-

times commendingly, more frequently with censure, on the most trivial occasions

;

but beyond a few commonplace ideas, the result of careless observation, or

perhaps acquired only traditionally, they seldom seek a closer acquaintance with

the subject. Our language teems with medico-meteorological apophthegms, but

they are notoriously vague. The Avords which are most commonly employed to

signify the state of the weather at any given time, possess a value relative only

to the sensations of the individual uttering them. The general and convertible

terms—bitter, raw, cold, severe, bleak, inclement, or fine and bracing, convey no

definite idea of the condition of the weather ; nay, it is quite possible that we
may hear these several expressions used by different persons with reference to

the weather of one and the same place and point of time. In order, then, to

render medico-meteorological researches more trustworthy, we must be careful

to employ, in the expression of facts, such symbols only as have a corresponding

value in every nation.

As a matter of purely medical inquiry, the influence of weather is also too fre-

quently neglected. So true is this, that when we examine the literature—at least

the modern literature—of the subject, we find it to be most meagre, and very

few are the statistics which we meet with to guide us in a further research.

When I say, that in a medical point of view the influence of weather has been

disregarded, I speak relatively to the amount of labour bestowed upon other

branches of medical science ; and I do not for a moment ignore the valuable con-

tributions to this department which have been made from time to time by phy-

sicians of distinction. In France, Belgium, Germany, Italy, and America, as well

VOL. XXIII. PART II. 4 N
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as in the United Kingdom, there have been many physicians during the present

century, wlio by their labours have enriched tliis peculiar branch of medicine ;

and if I do not frequently quote their writings, it is neither from a want of

respect to them individually, nor from a desire to underrate what they have

accomplished, but simply because my time is very limited ; and, further, because

I think it will tend far more to the progress of the inquiry to pursue my own

researches independently of any other investigations. It is well known that

the influence of external causes upon the constitutions of living creatures differs

materially with locality. These causes are not only numerous of themselves,

but they are moreover capable of producing an infinite variety of I'esults,

according to their several combinations. Their effects are as distinct in different

countries, as are the features of men of different nations. Therefore, conclusions

derived from investigations pursued here can have no dependence upon the

knowledge acquired by physicians in other countries ; nor can any discrepancy

which may be observed between the results of such several investigations serve

to impugn the accuracy of individual deductions. It is quite possible that the

results evoked by Casper in Berlin, Quetelet in Brussels, Boudin in Paris,

Emerson in Philadelphia, and Guy in London, as well as those by the Registrars-

General of the United Kingdom, may differ widely in many essential points, and

yet the inferences of each observer be correct in themselves. The same may be

said of the researches of Sir James Clark, Cless, Edmonds, Emerson, Foissac,

Francis, Fuchs, Haviland, Hallee, Hirsch, Keith Johnston, Lombard, Madler,

Marc d'Espine, Martin, Meyer, Milne-Edwards, Muhry, Ransome, Rigden,

Schubler, Tripe, Villerme, and of many other careful observers. JNIy object is

to examine the relations which exist between the weather and the health of a

community as closely as I may find it practicable to do so ; and in pursuing this

inquiry, my desire is to divest myself of all foregone theory, and to make the

facts which I have collated speak for themselves.

We have the strongest indication of the utility of such investigations in the

fact, that, whether we do or do not possess a knowledge of the etiological and

therapeutic influence of meteorological phenomena, we invariably act as if we were

most intimate with the subject. Delicate persons crave for, and physicians often

recommend, change of climate, which in many instances is a term convertible with

change of weather, though it often means nothing more than change of scenery

and of mental or physical occupation. If it be a good thing for a sick man to

change his residence, it must be a proper thing for him to know what it is that he

is avoiding, and what it is that he is to acquire in exchange for it in another place

This must remain an exceedingly difficult question to solve, until we have statistics

from every health resort, showing the correlations of weather and disease in each.

We are not to assume that because certain conditions of weather, as indicated by

meteorological instruments, in this country are opposed to recovery from certain
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diseases, that, therefore, patients so suffering are not to be sent into any country

where meteorological instruments afford exactly or even nearly parallel readings.

In other words, in estimating the value of a foreign climate, or the different climates

of our own country, we are not to depend so much upon a comparison of the

meteorological data of the several places as upon the relations subsisting between

the meteorological data and the prevalent diseases and death-rate of one and the

same locality. Each spot of ground aspiring to the reputation of a health resort

must first have this problem solved for it, and then we may with greater safety

institute a general comparison. All that we can do in our present investigation

is to find out, if it be contained in our data, what is good and what is objection-

able in tlie climate of certain localities in Scotland, as evidenced by the general

death-rate, and by the mortality from several causes. This will not in any

way affect the character of the climates of Torquay, Bournemouth, Algiers, or

Rome, except in so far as there may have been a line of investigation pursued

in any of these places parallel with that now under consideration, so that a com-

parison may be instituted between the two ; for, to argue, that because a given

condition of temperature, atmospheric pressure, and humidity in Scotland is

accompanied by a certain ratio of mortality, therefore, meteorological data being

equal, the same death-rate will be observable in Torquay or Madeira, would be

most fallacious: all other things being equal, the death-rate would also coincide;

but it requires much more than mere meteorological analogy to establish such

a parallelism.

But the present inquiry may serve another, and perhaps still more important,

purpose. By far the greater number of cases requiring medical treatment do not

involve the consideration of change of residence ; nevertheless, I venture to

assert that in all of them the weather plays an important part ; and it cannot

be otherwise than right for the physician to know whether he has, in the

atmosphere around his patient, a foe or an ally in the treatment of his malady.

In medical prognosis, a knowledge of the influence of weather is of essential

service ; and as an agent operating upon the therapeutic action of drugs,

weather forms a most important study. I do not pretend that this is by any

means an exhaustive inquiry ; nor have I strained my facts to meet any

so-called natural laws. On the contrary, the facts speak for themselves, some-

times making positive, sometimes negative assertions, and often enough hovering

between the two, leaving us as much in doubt as before, but with a stimulus to

deeper research into the influence of those numerous external agencies which are

under the immediate control of the Great First Cause of all.

An inquiry into the causal relations subsisting between weather and disease

is beset with a multitude of difficulties. In the first place, we ought not to attri-

bute to the weather any effect upon the mortality of a given population, until we
have abstracted all other causes which might have operated in a similar manner,
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and to which such effect might altogether or in part be due : a task which is not

very readily accomplished. Again, we cannot, if we would attain a rigid accu-

racy, attribute fluctuations in the death-rate to vicissitudes of weather, until we
obtain a uniform climate over the entire area of observation, and this we shall

never acquire. It may perhaps be objected to the results of my investigations,

that it is not fair to apply the average of the climate of all Scotland to the death-

rate of the eight larger towns ; that the towns have a climate distinct from that

of the rural and insular districts, and that each town has one of its own. That

is quite true ; but it is an objection which may with equal propriety be urged

against the application of the climate of any large town to the mortality of its

several parishes, the particular climate of each of which may, and often does,

differ from that of its neighbour. But I prefer to consider the town districts

alone, because it is in them that we meet with the mass of disease and the

multiplied mortality ; and as to the applicability of the general climate to a local

death-rate, we may regard it in this w^ay, that the climate of the towns is a

climate within a climate, and that, whatever difference there may be between the

containing and the contained, any modification of the larger must in a corre-

sponding manner affect, if not in degree, at least in kind, the smaller.

Another objection might suggest itself in the returns of the cause of death

made to the Registrar-General. It may be said that many of these returns

are, at least, inexact ; as, for example, when it is stated that death was caused

by dropsy, the accumulation of fluid being merely a symptom of the real dis-

order : or, where the certificate tells only half the truth, as when a person who

is dying of one disease is accidentally cut off by an intercurrent attack of another

kind which would not have proved fatal but for the moribund condition of the

patient at the time when it took possession of him ; in such a case one class of

disease is robbed of a victim which another gains by an adventitious circum-

stance. These and many other objections might be raised against investigations

into the influence of the weather if we would be satisfied with nothing short of

logical exactness ; but we may undoubtedly arrive at an approximate knowledge

of its effects if we are careful to avoid error in the main features of the inquiry.

The influence of external causes upon the constitutions of living creatures

varies with locality, the variety depending upon the character of the causes,

whether individually or combined. In a general way, these causes may be classed

into two leading groups, as in the following order :

—

A. Unitersal Causes, affecting Nations, as,—
1. Position of a Country relative to—The Equator—water in motion (e.^,, the sea with its

currents ; rivers, springs, extensive lakes)—stagnant waters (e.g., canals, shallow

lakes, marshes)—mountains, forests, arid plains, fields of ice.

2. Aspect of a Country.—General elevation and configuration, geological structure, physical

and chemical properties of its soil, state of cultivation.

3. Atmospheric Phenomena.—Temperature, barometric pressure, direction and force of

winds, humidity, insolation.
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B. Local Causes, affecting Districts and Individdals, as,—
1. Meteorological Phenomena—Abnormal heat or cold, abnormal drought or liumidity,

abnormal fluctuations of the barometer (i.e. of atmospheric pressure), pernicious

winds, ozone, electricity, diurnal phenomena, seasonal changes.

2. Habitation—Situation (town or country, on the coast or inland), elevation, construc-

tion, drainage, ventilation, heating, lighting, overcrowding.

3. Dietetics—Price of food, quality of food, quality and quantity of potable water, and

of water for all domestic purposes.

4. Personal—Dress, occupation, habits and pursuits.

Although it may not be advisable to consider these several modifying causes

in detail, nevertheless it is necessary that a passing glance should be accorded to

them, in so far as they relate to this country.

Scotland, in its mainland, extends between 54° 38', and 58° 40' 30" of north

latitude, and 1° 46', and 6° 8' 30" of west longitude. Including the circumjacent

islands its limits are wider. The length of the mainland between its extreme

points is 276 miles. Its breadth varies so greatly that no general idea can be

given of it in one sum; it ranges from about 30 to 175 miles. In its general

outline and configuration, Scotland is very remarkable. On glancing at a map
of the country, the attention is at once arrested by the peculiar indentations of

the coast line. In several situations the land is almost bisected by the prolon-

gation of the sea into its interior, forming what are called Firths and Lochs,

which serve to increase very considerably the shore of the country. The coast

line, followed in all its sinuosities, occupies probably more than 3000 miles ; but

taking only the larger inlets of the sea into consideration, the circumference is

probably about 2500 miles, which gives one mile of seaboard to every eleven

square miles of surface ; the estimated area of Scotland, inclusive of the Islands,

being 31,324 square miles, or 20,047,360 acres. The ratio of seaboard to area

over the whole of Europe is about one to twenty-five ; Greece and Denmark

being the only countries which approach Scotland in respect of proportional

extent of coast. The islands of Scotland constitute about one-ninth of the entire

area. It is obvious from these facts, that the sea, as an external cause operating

upon the constitutions of the inhabitants, must be in the highest degree potent.

And it is fortunate for Scotland that the influence of the sea is benign—unlike its

action on the ice-bound shores of Labrador. It owes its mitigating influence, so far

as Scotland is concerned, to the prevalence of westerly winds across its waters,

tempered by the Gulf-stream ; whereas, on the opposite shores of the Atlantic, the

cold counter (Arctic and Hudson Bay) currents have a directly opposite tendency.

Besides the firths and marine lochs adverted to, Scotland possesses also many
inland lakes, which, although not of magnitude comparable with those of the

New World, tend materially to increase the aqueous element of its physical

geography. The larger river-basins add also to the bulk of water in and around

the country ; in short, there is perhaps no point in Scotland more than a few miles
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from a large body of water, and probably none more than forty miles distant from

the sea. The same may be said with respect to the proximity of mountains ; for

there is scarcely any point commanding an extensive general view, from which a

range of mountains may not be seen. There are five principal mountain chains,

all of which assume a direction from N.E. to S.W. Besides these there are many
detached groups, all of which exert a peculiar influence upon the climate. Forests

do not form a special characteristic of Scotland, nor is there any barren plain

within or near the country to modify the condition of the atmosphere in its

passage across the land. But the ice-fields of arctic regions, lying not very far

northward of Scotland, do probably exert a modifying power.

The geology of Scotland is one of the most striking features of the country

;

and that the structure of the land, together with the physical and chemical char-

acteristics of the soil upon its surface, exercises a powerful influence upon the dis-

tribution of disease, I do not for a moment doubt ; so much, indeed, am I impressed

with the belief of this, that I have been for some time collecting materials, Avith a

view of showing, more distinctly than has hitherto been done, the relations which

these circumstances bear to each other.

The following table will serve to indicate the condition of the inhabitants of

Scotland, during the several years under investigation, with respect to other

external causes which might possibly divide with the weather the responsibility

of determining the death-rate from all causes, or from any particular disease.

{

TABLE SHOWING THE Amount and Details of the Poor-Law Expenditure in each of the

Years from 1852 to 1861 inclusive ; also the State of the Fiars-Prices of the County of

Edinburgh for THE Crops FROM 1855 TO 1861 inclusive :

—

Year. 1852. 1853. 1854. 1855. 1856. 1857. 1858. 1859. 1860. 1861.

1 J

Average.

Poor-Law. £ £ £ £ £ £ £ £ £ £ £ I

Relief of Poor on the Roll, 401,954 411,135 428,708 461,243 486,689 492,118 496,297 512,751 518,546 531,233 474,067

Relief of Casual Poor, . 25,986 24,114 24,386 27,356 22,188! 20,869 27,915 25,752 22,218 24,118 24,490

Medical Relief, . . . 21,436 21,737 27,874 27,166 24,008' 24,205 24,948 25,691 26,738 26,908 25,071

Management, .... 51,644 52,352 56,068 58,767 61,462 63,142 66,307 67,166 67,048 67,717 61,167

Law Expenses, . . . 13,266 13,036 9,780 10,290 8,474' 7,637 7,165 9,753 8,750 7,975 9,613
1

Poor-liouse Buildings, . 21,186 21,644 25,850 20,605 24,847, 27,277 18,066 16,250 19,973 25,948 22,165 1

General Sanitary Measures

,

393 532 6,259 6,355 1,677' 1,122 ... ... ... 1,634
1

Total Expenditure, . 535,865 544,550 578,925 611,782 629,345 636,370
1

640,698 657,363 663,273 683,899 618,210

Fiars-Prices. S. D . S. D. S. D. S. D. S. D. S. D. S. D. S. D. S. D. S. D. S. D.

Wheat, 1st, .... 70 9 40 38 4 40 1 44 8 47 8 56 4 48 3

2d, . . ... 68 35 35 6 .S7 42 44 8 54 *^'
\\

Barley, 1st, . . ..

.

40 6 36 4 27 3 31 7i 37 6 40 5 31 3 34 111 !

2d, . . ... 38 32 25 29 35 38 29 32 31
1

„ 3d, . . 36 28 22 6 27 32 6 35 27 6 29 91

Oats, 1st, . . .*

.

29 6 23 22 6 23 25 10 29 3 25 4 25 51 f

2d, . . . >

.

27 6 20 20 6 21 22 6 27 23 6 23 H
Pease and Beans, 45 37 6 37 3 39 10 43 8 40 7 42 6 40 101

Oatmeal, . . . 21 3 19 2 16 51 16 8f 18 9 21 5J 18 9 18 111

'
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There remains, then, only one more subject for preliminary consideration, and

that is, the sources of the different data employed in the following pages. The

meteorological data are taken from the collected returns from the stations of the

Meteorological Society of Scotland, as reduced by the Astronomer-royal. The

stations of the Society have a mean latitude of 50° 30' N. ; a mean longitude of

3° 4f W. ; and a mean elevation of :222 feet nearly. It will be observed that the

meteorological data are deficient in two points, namely, concerning electricity and

ozone. Unfortunately, I have no means of applying these subtile agencies to the

mortality of the years under examination ; with respect to electricity, indeed, I

have no information whatever ; and concerning ozone, I have nothing trust-worthy.

It is true that the Meteorological Society's reports contain the results of observations

made with the usual test-papers in different parts of the country ; but I submit,

with all deference, that until the chemistry of ozone is more fully understood, its

physiological action cannot be accurately defined. So long as it is left to each ob-

server to determine the amount of ozone present at his station by the varying depth

of colour on a slip of paper, our knowledge of the true quantity present must depend

upon very slender evidence, and consequently be of very questionable accuracy.

It is quite possible that six different observers might, with exactly the same indi-

cation on the test-paper, refer the amount of ozone present to as many different

shades on the reference paper. Whether the paper itself affords a true indication

of the presence of ozone, and to what extent, in the atmosphere, is a disputable

matter. At all events, under existing circumstances, I should hesitate in com-

paring the ozone returns with the death-rate.

With respect to the humidity or dryness of the atmosphere, I have employed

only three columns, showing, respectively, the number of rainy days, the amount of

rain in inches, and the degree of saturation, as deduced by Mr Glaisher : full satu-

ration= 100. I have therefore omitted the readings of the dry and wet bulb thermo-

meters, the temperature of the dew-point, and the elastic force ofvapour. I have also

omitted from the tables, although plotted in the diagrams, the absolute highest and

absolute lowest temperatures at any of the stations ; these are exceptional records,

and can have no general application to the subject of the present inquiry.

The mortality tables are constructed from the returns made by the Registrar-

General. The period over which my investigations extend is six years, namely,

from 1857 to 1862 inclusive. This, I conceive, is quite long enough to indicate the

relationship existing between the weather and mortality in non-epidemic years.

I would, however, have made the period seven years, by including 1856, but I found

that the meteorological data for that year were not trust-worthy ; a circumstance

arising from the newness of the Society, the inexperience of the observers at many
' of the stations, and a want of proper correction for the errors of the instruments

then employed.

The absolute facts concerning the meteorology and mortality of the seventy-



306 DE R. E. SCORESBY-JACKSON

two months are derived as already described ; but for the arrangement and calcu-

lations in the several tables, and for the inferences therefrom, mentioned in the

text, I am alone responsible. The inquiry is led into the influence of weather

upon mortality from all causes, from all specified causes, from zymotic diseases,

from typhus, from scarlatina, from diarrhoea, from tubercular diseases, from

phthisis pulmonalis, from diseases of the respiratory organs, from bronchitis, and

from pneumonia, at all ages ; and from all causes at four different periods of

life—namely, under five years of age, between five and twenty, between twenty

and sixty, and from sixty upwards.

In order to simplify the comparison of the meteorological with the mortality

tables, and to render the fluctuations of the death-rate more distinct, I have

reduced the number of deaths in every case to the ratio per ^ 00,000, living in the

eight larger towns at the time when the deaths were recorded, taking the esti-

mated population for each of the six years as the standard of reference. Whether

I have obtained a strictly correct estimate of the population of the eight towns

or not, I cannot positively say ; that given in the reports of the Registrar-General

required considerable correction after the taking of the census in 1861. In con-

sequence of this alteration, I had to recalculate my tables. In their present form

the tables are calculated upon the following basis :

—

y Population of the Deaths from all Causes in

Eight Large Towns. the Eight Large Towns.

1857, 843.902 23,361

1858, 853^830 23,420

1859, 863,761 22,345

1860, 873,686 26,028

1861, 883,748 23,130

1862, 893,850 24,965

Average, 868,796 Total, 143,249

In the mortality tables, each of the months of thirty-one days is reduced to

the value of thirty days, and the death-rate of February of each year is raised to

the same value, so as to have uniformity over the whole seventy-two months.

The red dots upon the map indicate the situations of the meteorological

stations ; the red lines, the positions of the eight large towns, namely, Glasgow,

Edinburgh, Aberdeen, Dundee, Perth, Greenock, Paisley, and Leith.

The diagrams which I have constructed to illustrate the paper, are, I

venture to believe, not without considerable value. They present to the eye at

one glance, the whole scheme of the investigation, and will probably leave a more

vivid impression upon the minds of those who care to examine them than would

result from an unaided examination of the tables, or a perusal of the text.

Of the three larger tables, the first (A) is arranged to represent a gradually

descending ratio of mortality, the several months of the six years being placed in

the order of the death-rate,—that in which the greatest number of deaths occurred
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being at the top, that in which the lowest mortality took place being at the foot

of the table. Opposite the mortality column are placed the several meteorological

readings and deductions of the corresponding months. The columns are then

divided into four distinct sections, each comprising eighteen months, the means
of which are offered for comparison with each other, and with the means of the

seventy-two months which are given alone in every third column. To have

carried this table out to the extent of showing, in a similar manner, the order of

the death-rate from the several classes of disease and individual diseases, as in

the other tables, would have demanded more space than could reasonably be

accorded. The materials for such extension, however, are given, and the arrange-

ment might easily be made.

The second table (B) is constructed to represent the meteorology, and the death-

rate from all and several causes at all ages, and from all causes at several ages, in

the consecutive order of the months in each year : the means and totals of each year

are given in separate columns, and the last column shows the means of the six

years. The third table (C) is arranged for the purpose of comparing the meteor-

ology and mortality of the several corresponding months of the different years,

the mean of each of the 420 shorter columns being calculated in order to show

more distinctly the character of the various deviations. I may also mention that

each table was calculated independently of the others; on this account the

general averages occasionally differ to a very trifling extent.

I.

—

The Influence of Weather upon Mortality from all Causes.

In the following details, I shall endeavour to show, as succinctly as possible,

the influence of weather upon mortality from all and several causes ; but I can-

not pretend to exhaust the information which the tables and diagrams contain.

I shall content myself with pointing out the prominent features of the inquiry

;

the facts from which they are drawn being placed without reserve before the

Society, the inferences which I deduce from them are open to criticism, and

nothing can fulfil my own desires more fully than an exposure of error, whether

of fact {i.e., of calculation) or of reasoning.

Season.—The influence of season upon mortality is not very distinctly under-

stood, especially with reference to certain individual causes of death, opinions

differing widely as to the months which determine the maximum and minimum

of mortality from such particular causes. Here I would draw attention to the

difference between mortality and disease ; we shall fall into error if we suppose

that the season of highest mortality is always the season of greatest sickness.

. It not unfrequently happens that certain seasons which are characterised by a

maximum of sickness are at the same time distinguished for their low rate of
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mortality ; and contrariwise, seasons which may be somewhat remarkable for the

general health of the public, may, by their influence upon one or two classes

present a high death-rate. It is a very difficult matter to obtain accurate statistics

of the prevalence of disease over a large community. After collecting a mass of

statistics of disease from several dispensaries and hospitals, with a view of com-

paring the rate of morhility with the rate of mortality as given in this paper, I

was obliged, after much labour, to abandon the morhility statistics, as next to

worthless. Therefore this paper points to disease only through mortality.

If we turn to Table A, and regard the position of the months in the several

sections, we shall find that while certain of the months are widely distributed

through the column, others are arranged more compactly ; but in no instance are

the six corresponding months of the different years encompassed by one section of

the column. If we apply to the several sections (from above downwards) respec-

tively, the names maximum, major, minor, and minimum of mortality, and

arrange under each title the number of corresponding months found in the section,

we shall at once see how many of the years approached to uniformity of mortality,

and how many were exceptional.

Month.
Maximum
Mortality.

Major
Mortality.

Minor
Mortality.

Minimum
Mortality.

January,

February, .

March,

. . . 4

. . . 3

. . . 4

1

3

1

1

1

...

April, . .

May, . .

June,

. . . 2 2

3

2

2

4

i*

2

July, . , 1 2 3

August,

September, .

October,

1

4

5

5

2
November,

.

. . 1 5 • • •

December, . . 4 1 i' ...

Totail, 18 18 18 18

This table shows us the distribution of the months, but not their order as

determined by an average of the six j^ears ; for this we must look to Table C, and

taking from it the means of the several columns, showing the mortality from all

causes during the six years, we shall find the order of the months to be as

follows :
—

Month. Death-rate. Month. Death-rate.

( January,

-< February,

( March,

. 265-3
f
May,

-< June

( July,

. 219-5

Maximum, . 257-4 Minor, . 208-6

. 249-8 . 204-5

( December, . . 247-9 ( October, . 198-2

Major, . \ April . . . 242-8 Minimum, \ August, . . 189-4

( November, . . 237-1

Mean 2 25-7

( September, . 187-7
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If we revert to the previous table, we find that January, March, and December,

have a like distribution over the maximum, major, and minor sections, the deter-

mining years being in the maximum, and an exceptional year in each of the two

following sections, and we might have expected that these months would all

have preceded February, which only contributes three years to the maximum
section ; but in the latter table we find February in its true place, taking prece-

dence of March and December. This arises from the exceptional years of the

latter months having a much lower rate of mortality than any of the Februaries.

Before proceeding to examine the meteorological data in detail, we have here an

opportunity of testing the influence of weather in a general way. If the weather

had anything to do with the placing of the exceptional years, we shall expect

to find that in the months of January, March, and December, those years which

contribute to the major and minor sections will be more temperate than those

whose months enter into the maximum section. In the case of November,

severity of weather ought to characterise the exceptional year, and there ought,

moreover, to be some marked peculiarity in the meteorology of the exceptional

August. It will be unnecessary to test the other months at this stage.

We begin with January, and instead of quoting figures, let us take the general

remarks contained in the meteorological reports as our guide. The four Januaries

of the maximum section are those of 1861, 1862, 1860, and 1857, in the descend-

ing order of their mortality ; the exceptional January in the major section is that

of 1859 ; that in the minor section, the January of 1858. The relations which

the months of the different years bear to each other, will be still better under-

stood in this form :

—

Year.

1861,

1862,

1860,

1857,

1859,

1858,

Maximum. Major. Minor.
Mortality Mortality Mortality

3041 . .

.

...

296-6 ... ...

280-8 s •• ...

253-2 ... ...
Mean 265-3.

243-4'

214-0

January 1861.—(I quote from the Meteorological Reports) " From these

returns we gather that the month of January was still, like so many of the

preceding ones, below the average in temperature, though in a less degree ; the

barometrical pressure was unusually high ; but otherwise there are no remarkable

differences in the other meteorological elements." Dr Stark says of the same

month,—" The intensely cold weather which set in about Christmas, and, after

a partial intermission, recurred during the earlier part of January, exhibited the

usual effect of low temperature in this country, in largely increasing the number

of deaths."

January 1862.—Meteorological Report :
" From these returns we gather that
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in January 1862 the most remarkable features were the great depth of rain, the

large number of rainy days, the large amount of cloud, and the small amount of

sunshine,—each of these quantities being more extreme than ever before regis-

tered in a January month. The mean temperature was also high, though not to

so great a degree." Registrar-General: "January was a comparatively mild

month for the season, with a mean temperature rather above the average, an

unusual amount of mild south-westerly breezes, a consequently greater fall of

rain, and a greater degree of humidity of the atmosphere than is usual during

that month. This mild weather was, however, often interrupted by the -wind

suddenly veering to the north and east, and blowing with a keenness all the

more severely felt, and the more detrimental to the health of the people from the

previous mildness."

January I860.— Meteorological Report :
'• For the month of January we thus

find that the mean temperature, though 1°"5 higher than that of the preceding

months, is yet 1^-7 less than the average of former Januaries, constituting there-

fore a particularly severe month, as additionally manifested by the black-bulb

temperature by day being 6""2 less than the average, and by night 3^*3 less,—the

hours of sunshine being less, and the amount of cloud rather greater. The mean

humidity has also been greater, as well as the amount of rain, with an unusual

preponderance of north-east wind." Registrar-General :
" The past quarter, com-

ing as it did after the wintry weather which prevailed during November and

December, was one of the most severe which has been experienced in this country

for at least thirty-four Januaries, if not for a much longer period."

Such are the reports of the Aveather of those months whose death-rate is

above the average of the six Januaries ; from this point the weather ought to

improve.

January \'$>b7.—Meteorological Report : "January. The weather was as nearly

as possible an average in point of severity." Registrar-General :
" During January

the weather was generally open, though the month began and ended with a snow-

storm." This month, although below the average mortality of the six Januaries,

still contributes to the maximum section.

January 1859.—Registrar-General: "The weather during the quarter was

mild for the season, but stormy and rainy to an extent scarcely remembered to

have been equalled within the recollection of the oldest inhabitants. The winds,

which, during almost all the quarter, were from the west and south-west, were

unusually high, and brought much rain with them." The Meteorological Report

is too extensive for quotation ; in substance it is the same as the remarks of the

Registrar-General. It should be mentioned, however, that whilst there was a

remarkable increase of rain in the western counties, there was at the same time

a remarkable deficit in the eastern counties.
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January 1858—Meteorological Report : As showing the general mildness of

the month, it may be mentioned that at Sandwick, wall-flower, stock, carnation,

and borage were in flower, so as to yield a bouquet on the 1st of January, w^hile

the hepaticas were in flower on the 4th. At Aberdeen, the hazel and snowdrop

were in flower on the 25th ; and at Banchory House the Rhododendron 'ponticum

was in flower on the 29th. The thrush was often heard singing during the month

at Scourie, and the lark at Aberdeen." Registrar-General :
" The weather dur-

ing the first two months of the quarter was unusually mild and open ; and though

the mean temperature was gradually falling during January and February, it was

not till the 1st of March that winter, with its frosts and snow, fairly set in over

the country."

Thus far, then, whatever we may meet with in detail, we must be impressed

with the fact that the general term of a " mild" or " open" January corresponds

with a low rate of mortality, a " severe" January with a high rate of mortality.

We next proceed to consider the months of March, and, in order to avoid long

quotations, if we find that the exceptional months were " mild," we may assume

that the four months of the maximum section were more or less " severe."

Year.
Maximum
Mortality.

1860, . . 283-2

1858, . . 257-8

1862, . . 256-7

1857, . . 250-0

1859, . .

1861, . . ...

Major
Mortality.

232-0

Minor
Mortality.

Mean 249-8.

220-2

March 1859.—Registrar-General :
" This month has therefore been charac-

terised, even more intensely than the last, by an unusual amount of west wind, a

low barometer, and, on the western coast, abundant rain and equable tempera-

ture. On the eastern coast, the rains have been scanty, but the temperature

high."

March 1861.—Registrar-General: "The months of February and March

however, have both been above the average temperature ; and as this increase of

temperature has been attended with a greater fall of rain and a greater amount

of humidity than usual, while there has been a diminution in the proportion of

cold arid east winds, and a preponderance of high winds from the west and

south-west, there has been a free circulation of air, and no such stagnation of the

atmosphere as would allow the excessive moisture to become hurtful to the living-

inhabitants. Hence the mortality of February and March has been below the

average of former years ; and if the weather continues favourable, as it appeal's

to be giving every indication of doing, the present year may prove, like the census

year 1851, a year of low mortality, and of prosperity and heavy crops to the

farmer." Here " mildness" characterises also the months of lower mortality.
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We may test the months of December in a similar manner by ascertaining the

character of the exceptional years.

Year.

1859,

1862,

1860,

1858,

1861,

1657,

Maximum
Mortality.

263-4

259-0

257-7

250-0

Major
Mortality.

241-4

Minor
Mortality.

Mean 247 9.

215-7

December 1861.—Registrar-General: "From the returns it appears that the

month of December, in the important feature of mean temperature, has been

nearly normal, and thereby between three and four degrees warmer than the two

last Decembers."

December 1857.—Registrar-General: " During the quarter the weather was

unusually mild,—so much so, indeed, that even sprigs of hawthorn in full blow,

and several spring flowers, were gathered at Christmas ; and in the north, a second

and abundant crop of cranberries was gathered the second week of December."

The months of November present only one exceptional year, and that alone

contributes to the maximum section ; it will be suflBcient to ascertain whether it

is remarkable for its " severity."

„ Maximum
^ ^''''-

Mortality.

iFajor

Mortality.

1858, . . . 266-1 ...

1859, 236-0

1862, 234-7

1857, 231-3

1860, 230-0

1861 224-5

November 1858.—Registrar-General

:

" During

Mean 237-1.

temperature of the month was 2°.2 below the average, and severe, stormy

weather, accompanied by keen frost and falls of snow, prevailed during the third

week of the month."

We have, however, an anomaly in November 1861, in which, with the lowest

death-rate of all the Novembers, we find the following description of the weather

:

—" Hence it appears that the month of November has been cold, wet, and windy,

to an unprecedented degree. The barometer was lower, and more uniformly low

than in any month of the last six years. The mean temperature was lower than

in any November through the same time." It will be noticed, however, that

there is not a great difference in the death-rate between the several years entering

into the major section. And, lastly, concerning the months of August. One of

these months only presents an exceptional death-rate ; it is that of the year 1857.

The months of September present also an exceptional month, likewise that of
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1857, but not to so great an extent as is witnessed in the case of the aberrant

August ; and forasmuch as the cause in both instances is obviously identical, it

will be sufficient to explain it in reference to August only.

Tear.

1857,

1868,

1860,

1859,

1861,

1862,

Mcajor Minor Minimum
Mortality. Mortality. Mortality.

224-1

199-5

192-4

178-7

173-1

168-4

Mean 189-4

August 1857.—Registrar-General :
" The mean temperature in August realised

the very unusual height of 60°, and as July also, and the beginning of September,

had mean temperatures higher than usual, bowel complaints (diarrhoea, dysen-

tery, and cholera) became so prevalent and fatal, that instead of only 56 dying

from these complaints in every hundred thousand persons, as in 1856, no fewer

than 112 deaths occurred in a like population in 1857."

We proceed now to consider the influence of the several meteorological

phenomena upon the mortality from all causes more in detail, and first we have

to consider

The Influence of Temperature upon Deathsfrom all Causes.

Turning to Table A, we find that although the column of mean temperature

does not increase in value so evenly as the column of mortality diminishes in

value from above downwards, nevertheless over the whole of the two columns

there is a distinctly inverse relationship ; and if we compare the means of the

four sections previously described, we find that the relationship existing between

temperature and deaths from all causes is as follows :

—

Mean of

Maximum Section,

Major Section, .

Minor Section, .

Minimum Section,

Mean
Temperature

269-49 38-3

233-25 43-1

214-26 49-5

185-85 54-3

Mean of the 72 Months, 225-71 46-3

To ascertain the difference of influence between a high and low mean tempera-

ture, I have constituted, out of the six, three factitious years; for the one, taking all

the lowest temperatures of the six corresponding months ; for another, the highest

temperatures ; and for the third, the mean of the six corresponding months. The

death-rate of the three may be compared month by month. [Obviously, one dis-

advantage of such an arrangement is, that by associating the sequent months of

different years we at once dissolve the continuity of effect which the weather exer-

cises over mortality. It is important, in estimating the value of weather as an etio-
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logical agent at any given time, that at least the character of the weather imme-

diately preceding the period under examination should be ascertained, the influence

of sustained heat or cold, for example, as will be shown hereafter, being remark-

able. Nevertheless, when the period of comparison extends over an entire month,

I think we may safely believe that the fluctuations in the death-rate—in so far as

they are dependent upon weather at all—are dependent upon the weather of the

particular month in which the deaths are recorded. This is not uniformly so

Suppose, for example, that the fourth week of January were intensely cold, and

the subsequent month of February comparatively mild, it is quite possible that a

large number of deaths, caused by the cold of January, might fall to be registered

in February ; so that if either of the months were examined separately, an erro-

neous impression concerning the influence of temperature would result. If the

periods of observation had been daily or weekly, I would on no account have

separated them, because necessarily the ratio of deatlis of one day, or even of one

week, must often be, to a certain extent, modified by the weather of the previous

days or week; but, I repeat, where each subject of comparison extends over a

whole month, errors from such a cause as I have now explained must be very

trifling. It is, however, to obviate such errors that I have constructed Table B,

in which both the meteorological and necrological data are arranged appositely in

the order of the sequence of the months of the several years. This explanation is

also offered to objections which may be raised against the order of the months

in Table A.] I need not mention the years from which the several months are

taken ; that will be seen on reference to the larger table :

—

Months of LowestMean Temperature,

„ Highest, „
Mean of the Six Years, . .

January. February.

35-5 280-8;340
39-6!243-4:405

3306

March.

37-81256-7

246-94302320

April.

41-3222-7

45-42230

May. June.

491
51-9

225-4

193-5

37-4 265-3 38-2 257-4 39-8|249-8 43-2 242-8 50-3 219-5

52-41215-0

58-9j219-3

55-9208-6

Months ofLowestMean Temperature,

„ Highest, „

Mean of the Six Years, . . .

July. August.

53-8il92-3 54-4192-4

59-0 181-3 60-0224-1

September.

50-2

56-1

56-8 204-5 57-2;189-4 52-5

182-5

210-8

187-7

October.

44-9|205.3

49-6208-0

47-2198-2

November.

37-1234-7

43-7231-3

December.

34-0

44-9

263-4

215-7

39-5237-138-8247-9

If this table speak truly, it leads to the conclusion, that for every diminution

of mean temperature below 50° there is a corresponding increase of mortality

;

but that from mean temperatures above 50° a diminution is favourable to vitality,

at least if the temperature have been for any length of time above 50°. In

other words, mean temperature and mortality from all causes have an inverse

relationship below 50°, a direct relationship above 50°. But it must be borne in
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mind that the change is gradual : thus, in May, with a temperature of 51°-9 there

is a mortahty of 193-5, which is still below 225-4, the mortality corresponding

with a mean temperature of only 49°- 1. But if this be a rule, then the months

of April and July are exceptional, the April with a lower mean temperature hav-

ing also a slightly higher death-rate, the anomaly perhaps depending upon other

meteorological elements. The April with the higher mean temperature and the

lower death-rate had a mean barometric reading of 29-751, and a rain-fall of

3-20 inches; the other April had a mean barometric reading of 30-177, and a rain-

fall of only 1-04 inches,—the one a low atmospheric pressure with a surplus

humidity, the other a high rate of atmospheric pressure with a deficit of moisture.

If I had selected the April of 1860, whose mean temperature is only 02° above the

one in the table, namely 41-5°, the rule would have been sustained, the death-rate

for that month being 290-2. The July with the lower temperature and lower death-

rate had a mean barometric reading below the average of the six years with a

rain-fall above it ; the July with the higher mean temperature and death-rate had

a barometric reading above the average of the six years with a rain-fall below the

average. The July of 1857, with a mean temperature only one degree below that

in the table, had a death-rate of 210-5.

Monthly Range of Temperature.—The relation of monthly range of tempera-

ture to the death-rate from all causes is also shown in Table A, the means of the

four sections being as follows :

—

Se'="°'^- Mortality.
J^TemJeJatoe.

Maximum, 269-49 36 4

Major, 233-25 37-2

Minor 214-26 396
Minimum, 185-85 33-9

K we adopt the same plan as

six two excessive years, and (

ing results :

—

with the mean temperature, constituting out of the

comparing them with the mean, we have the foliow-

January. February. March. April. May. June.

i Months of greatest Montlily Range,

^

Months of least, „ „
\ Means of the Six Years, . . .

50° 1

21-7

34-1

253-2

296-6

265-3

56°

290
38-3

250-1

246-9

257-4

56°-0

27-0

37-3

257-8

283-2

249-8

61-°0

32-2

41-9

227-1

290-2

242-8

54-7

31-2

41-6

210-4

228-4

219-5

66°5

27-3

39-5

213-3

215-0

208-6

July. August. September. October. November. December.

,
Months of greatest Monthly Range,
Months of least, „ ,,

!
Means of the Six Years, . . .

1

46°5

26-2

34-6

210-5

192-3

204-5

53°0

25-1

35-7

224-1

173-1

189-4

55°-0

27-7

37-8

194-6

165-0

187-7

47-0

29-6

36-2

208-0

210-4

198-2

50°0

26-5

33-9

231-3

230-0

237-1

40-8

22-7

32-1

1

257-7,

259-0

247-9
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The t-wo last tables, I think, point to this, that for three quarters of the year

the relationship of monthly range of temperature and the death-rate from all

causes is inverse—the greater the range the lower the mortality ; but that during

the months of July, August, and September, the relationship is direct—the greater

the range the greater the mortality.

Mean Daily Range of Temperature.—The relationship as shown in Table A. is

as follows :

—

Section. Mortality.

Maximum, 269-49

Major, 233-25

Minor, 214-26

Minimum, 185-85

Means, . . . 225-71

Mean of the.

Daily Eanges.

9-8

11-6

130
13-8

120

The result of constructing two excessive years out of the six is as follows :

—

January. February. March. April. May. June.

Months of greatest Mean Daily Range,

Months of least „ „

Means of the Six Years, . .

o

9-6

7-1

8-4

243-4

296-6

265-3

10°8

8-6

10-0

250-1

251-3

257-4

o

11-9

9-3

10-7

257-8

256-7

249-8

15-3

12-0

139

227-1

243-6

242-8

19-7

14-1

15-6

193-5

228-4

219-5

17-2

12-6

14-9

213-3

215-0

208-6

July. August. September. October. November. December.

Months of greatest Mean Daily Range,

Months of least ,, ,,

Means of the Six Years, . .

14-7

13-1

14-0

224-0

192-3

204-5

16-0

11-0

13-5

199-5

173-1

189-4

14-6

11-0

13-3

194-6

165-0

187-7

12°7

10-9

11-8

204-4

210-4

198-2

11-0

8-1

99

234-7

230-0

237-1

9-5

8-1

8-6

241-4

257-7

247-9

These tables indicate a similar relationship between mortality from all causes

and the mean daily range of temperature as was noticed with respect to the

monthly range of temperature, namely for three quarters of the years an inverse

relationship, the greater the daily range the less the death-rate, but during the

months of July, August, and September, a direct relationship, the greater the

daily range of temperature the greater the mortality. It will be noticed in the

latter table that March and November do not quite conform.

The Combined Influence of Temperature and Humidity.

It is difficult to obtain data for this inquiry, there being few months which,

with equal mean temperatures, show at the same time a marked contrast in their

hygrometric condition. I have, however, endeavoured in the following table to

show the relative effect upon the death-rate of a dry and humid cold:

—
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Months.

Mean of the Six Years. Dry Cold. Humid Cold.

Mean
Temp.

Eain-
faU.

Humi-
dity.

Mor-
tality.

Mean.
Temp.

Rain-
faU.

Humi-
dity.

Mor-
tality.

Mean
Temp.

Rain-
fall.

Humi-
cUty.

Mor-
tality.

January, . . .

February, . . .

March, ....
April, ....

37-4

38-2

39-8

43-2

3-82

2-32

3-55

2-1]

88

87

86

82

265-3

257-4

249-8

242-8

(357
1 39-3

J
39-3

\40-l

/
38-4

\39-5
/41-5
\43-8

277
2-98

1-54

1-88

3-52

1-95

1-18

1-86

87
86
89
89
86
85
82
78

253-2

214-0

250-1

251-3

283-2

257-8

290-2

227-1

35-5

39-6

39-5

40-5

37-8

39-2

41-3

44-6

4-56

4-21

3-32

3-38

3-63

294
3-20

2-99

89

87
88
88
88
86
80
83

280-8

243-4

228-1

246-9

2567
250-0

2227
2500

Means, . . 39-7 2-95 86 253-8 397 2-21 85-2 253-4 397 3-53 86-1 247-3

In this table there is a tendency to support the general belief that a dry cold

is more fatal than a humid cold ; the four Januaries, it will be seen, oppose the

idea of such a law, the greater death-rate being with the two humid months

;

two of the Aprils also conflict with the generally accepted law, the humid month,

even with a rather higher mean temperature, having the greater mortality. In

the months of March, and again in one of the comparisons of the months of

April, it will be noticed, that whilst the order of the months is correct as to the

amount of moisture indicated by the rain-fall in inches, nevertheless, if the

humidity as deduced by Mr Glaisher's tables had been strictly taken as the test,

the order ought to have been reversed. But it often happens that, as in the

instances above referred to, whilst the amount of rain which may have fallen

during a month may be higher than the mean of the six corresponding months,

nevertheless, the amount of moisture in the atmosphere, as exhibited by a re-

ference to Mr Glaisher's tables, may be below the average humidity of the six

corresponding months. It behoves us, then, to compare both of these indices to

the amount of moisture in the atmosphere with the temperatures below the

means of the six corresponding months separately, and this is done in the follow-

ing tables :

—

Months in which both the Mean Temperature and the
Rainfall are below the Mean of the Six cor-

responding Months.
Mortality.

January 1857, 253-2

1861, 304-1

February 1858, 237-7

March 1857, 250-0

1858, 257-8

1860, 283-2

April 1860, 290-2

Mean, 268-0

Months in which the Mean Temperature is below, but

the Rainfall above the Mean of the Six

corresponding Months.
Mortality.

January 1860, 2808
February 1860, 330-6

March 1862, 2567
April 1857, 243-6

April 1859, 222-7

Mean, 266-9
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Months in which both the Mean Temperature and
Humidity are below the Mean of the Six

corresponding Months.
Mortality.

January 1857, . • . . • 253-2

February 1858, 237-7

1860, 330-6

March 1858, 2578
April 1859, 222-7

Mean, 260-4

Months in which the Mean Temperature is below
but the Humidity above the Mean of the

Six corresponding Months.
Mortality.

1860, 280-8

1861, 304-1

1862, 256-7

1857, 243-6

1860, 290-2

January

,,

March
April

Mean, 275-1

Here, then, we have conflicting results. Following the rain-fall as our guide

to the hygrometric condition of the atmosphere, we conclude that a dry atmo-

sphere promotes mortality ; if we refer the humidity present in the atmosphere

to the standard calculated by Mr Glaisher, we are forced to an opposite opinion.

Let these results be estimated only at tlieir true value ; the data are too few to

render them of very great importance, but they may serve for comparison with

other investigations. It must be remembered, however, that it is the temperature

that binds me down to so few data. I shall have occasion hereafter to inquire

into the value of the relative quantity of moisture in the atmosphere separately.

Before passing from the consideration of the influence of temperature upon

mortality from all causes, there is one other important feature which ought to be

mentioned,—namely, the aggravating influence of continued cold. The growing

mortality consequent upon a continued low temperature is seen in the following

table, where it is contrasted with the means of the mean temperature and

mortality of the six corresponding months :

—

Year 1860,

Average of the Six corresponding

Months,

November.

39°-

1

230°-0

237°-l
39°-

5

December.

34°-l

257°-7

247°-

9

38°-8

January.

35°-5

280°-8

265°-3

37°-4

February.

34°-0

330°-6

257°-4

38°-2

March.

38°-4

283°-2

249°-8

39°-8

Mean Temp.
Mortality.

Mortality.

Mean Temp

In like manner the evil effects of a continued high temperature may be seen in

the following table, in which the mean temperature and mortality of the warmer

months of 1857 are contrasted with those of the averages of the six corresponding

months of the years 1857-62 inclusive:

—

Year 1857,

Average of the Six corresponding f

Months, \

June.

57°-4

213°-3

208°-6

55°-9

July.

58°-0

210°-5

204°-5

66°-8

August.

60°-0

224°-l

189°-4

57°-3

September.

56°-l

210°-8

187°-7

52°-

5

October.

49°-6

208°-0

198°-2

47°-2

Mean Temp
Mortality.

Mortality.

Mean Temp.

The Influence of Vicissitudes of Atmospheric Pressure.

When we notice that the average monthly range of the barometer for the six

years under examination is not more than 1 '262 inches, it behoves us to remember

how much is implied in the oscillation of the barometer even to the extent only
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of a single line. It indicates either a vast increase or diminution of pressure

upon every point of surface of the body,—a pressure which normally is equal to

that of fifteen pounds of dead weight to the square inch, and yet, a pressure so

wonderfully adapted to our necessities that we are unconscious of its presence.

So that, although in dealing with this part of the inquiry we are confined, with

very few exceptions, to movements within the thirtieth inch of the barometric

scale, we are not to suppose that such limited movements are of trifling, but that

they are of all-important value.

Mean Height of Barometer reduced to Sea-level and 32° F.

A comparison of the means of the four sections in Table C, between the mean

height of the barometer and the mortality from all causes, leaves us in uncer-

tainty as to the relations which these circumstances bear to each other. It is

indicated in the following table :

—

Section. Mortality from all Causes. Mean Height of Barometer.

Maximum Section, 269-49 29-800

Major Section, 233-25 29-868

Minor Section 214-26 29-862

Minimum Section, 185-85 29842

Mean, 225-71 .
29-843

The mean height of the barometer for the whole of each of the six years, as com-

pared with the mortality for the corresponding periods, is shown as follows :—

Tear.

1860,

1862,

1857,

1858,

1861,

1859,

Means,

Average Monthly Mortality

from all Causes.
Mean Height of B

244-2 29-785

229-2 29-812

227-5 29-893

225-5 29-916
214-9 29-838

212-7 29-817

225-7 29-843

In both of these tables the lowest reading of the barometer corresponds with

the highest death-rate. In both, the two lowest readings of the barometer cor-

respond respectively with the highest and lowest death rates, with a minute

fractional difference in the latter table, the second lowest reading being that of

the mean of 1862. In the latter table the highest barometric reading corresponds

with the mean of the mortality ; in the former, the highest barometric reading

stands opposite a much higher death-rate. The only point of resemblance between

the two being that first mentioned, indicating a maximum of deaths with a mini-

mum of atmospheric pressure. But we must not remain satisfied with the value

of this indication alone.

VOL. XX II I. PART II. 4 s
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In the next table we have three factitious years constituted,—the first, by those

of the several corresponding months which possess the highest barometric read-

ings ; the second, by those which exhibit the lowest barometric readings ; and the

third, by the means of the six corresponding months :

—

Montiis Highest Lowest Mean Mortalit)' Mortality Mean
Barometer. Barometer. Barometer. with Highest. with Lowest. Mortality.

January, .... 30-065 29-529 29-813 214-0 2808 265-3

February, . 30052 29-681 29-869 251-3 228-1 257-4

March, . . 29-852 29507 29-701 257-8 220-2 249-8

April, . . 30-177 29-751 29-916 223-5 222-7 242-8

May, . . 30-070 29810 29-923 225-4 228-4 219-5

June, 30-032 29-674 29-892 219-3 219-1 208-6
i

July, . . 30-050 29-735 29-851 181-3 192-3 204-5

August, 30014 29-575 29-840 2241 192-4 189-4 1

September, 29-979 29-722 29-845 195-9 177-7 187-7

October, 29-936 29-620 29-784 1731 204-4 198-2

November, 30115 29-855 29-881 231-3 2360 237-1

December, . 30-020 29-651 29-806 241-4 263-4 247-9

Means, . 30-030 29-676 29-843 219-9 222-1 225-7

30-030 Mortality, 219-9

29-676
3)

222-1

29-843 225-7

I n this table there is evidently a good deal of conflict ; but upon the Avhole

year it corroborates the indications of the preceding tables, inasmuch as the aver-

age mortality with a low barometer is higher than that with a high barometer.

But it is curious to observe that the average barometric reading of the whole

term of seventy-two months corresponds with a higher necrological reading than

either the absolute highest or the absolute lowest readings of the barometer, as

is more distinctly seen thus :

—

Mean of the Absolute Highest Barometric Readings,

,, Lowest „

Mean of the whole Term of 72 Months, ....
This, then, would indicate that high and low barometric readings are both more

conducive to vitality than a medium reading ; and, moreover, it serves to deepen

the impression that a low barometer is more fatal than a high reading ; because,

although 29-843 is the exact mean of the whole term of seventy-two months,

nevertheless it approximates nearer to the mean of the absolute lowest than to

the mean of the absolute highest, for 30-030 + 29-676^2=29'853.

In order to ascertain whether any month or season would give a stronger indi-

cation of the influence of atmospheric pressure upon the death-rate than is shown

by the mere absolute highest and lowest barometric readings, and also whether

season has any modifying power over such influence, I have classified as many of

the corresponding months into separate groups as would in any way contrast,

touching the circumstance of atmospheric pressure :

—
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Year.

Barometer above
Mean of Six

corresponding
Months.

Mortality. Year.

Barometer below
Mean of Six
corresponding

Months.

Mortality.

January, .

February,

March,

April,

May,

June,

July,

August,

September, .

1858
1859
1861

30065
29-864

30-038

Average mortality,

1858
1860
1862

29-998
29-932

30-052

Average mortality,

1857
1858
1859

29-804

29-852

29-707

Average mortality.

f
1858

I

1860
1861

29-942

29-978

30-177

Average mortality,

1857
1859
1861

29-959

30046
30-070

\^
Average mortality,

1357
1858
1859
1861

30-020

30-032

29-934

29-961

Average mortality.

1858
1859
1860

29-887

30-050

29-988

Average mortality,

1857
1858
1859
1862

30-014

29-943

29-850

29-885

Average mortality.

/ 1857
1858
1860
1862

29-882

29-898

29-868

29-979

Average mortality,

214-0

243-4

304-1

253-8

237-7

3306
251-3

273-2

2500
257-8

2320

246-6

227-1

290-2

223-5

246-9

219-3

193-5

225-4

212-7

213-3

219-3

188-6

196-4

204-4

224-0

181-3

214-8

206-7

224-1

199-5

178-7

168-4

192-7

210-8

194-6

182-5

195-9

195-9

1857
1860
1862

1857
1859
1861

1860
1861
1862

1857
1859
1862

1858
1860
1862

1861.)

1862

1857
1861
1862

1860
1861

1859
1861

29-698
29-529

29-686

29-840

29-709

29-681

29-639

29-507
29-698

29-767
29-751

29-881

29-823

29-831

29-810

29-674

29-733

29-832

29-619

29-735

29-575

29-774

29-722

29-723

253-2

280-8

296-6

276-9

250-1

246-9

228-1

241-7

283-2

220-2

256-7

253-3

243-6

222-7

250-0

238-8

210-4

240-0

228-4

226-3

2191
215-0

217-0

210-5

204-4

192-3

202-4

192-4

173-1

182-7

177-7

165-0

171-3
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Year.

Barometer above
Mean of Six
corresponding

Months.

Mortality. Year.

Barometer below
Mean of Six
corresponding

Months.

Mortality.

October, ...

November, .

December,

( 1857
1858
1861

Aver

/ 1857
1858
1860
1862

Aver

i 1857
1861

\ Aver

29-803

29-892

29-936

age mortality,

30-115

29-956

29-919

29-897

age mortality,

29-989

30020

age mortality.

208-0

205-3

173-1

1859
1860
1862

1859
1861

1858
1859
1860
1862

29-667

29-784

29-620

29-855

29-544

29-703

29651
29-709

29-767

188-0

210-4

204-4

195-5

231-3

266-1

230-0

234-7

200-9

236-0
!

224-5

240-5

215-7

241-4

230-2

2500
263-4

257-7
259-0

228-5 257 5

Therefore, of the averages of the twelve months, six give a higher death-rate with

a barometric reading above the average of the several years for those months, and

on the other hand, six present a higher death-rate with the barometer below the

It is more distinctly seen thus

Months -which give a High Death-rate with

a High Barometer.

February, 273-2

April, . 246-9

July, 206-7

August, 192-7

September, 1959
November, 240-5

Mean of Mortality, 225-99

Months which give a High Death-rate with
a Low Barometer.

January, 276 9

March, 253-3

May, 226-3

June, 217-0
October, 200-9

December, 257-5

Mean of Mortality, 238-65

Here again, then, it is plain that the accumulated mortality of those months

in which there is a high death-rate with a low state of the barometer, is greater

than the accumulated mortality of those months in which the death-rate and

barometric reading are both above the average. It is noticeable that the average

death-rate of those months in which there is a direct relationship between the

barometer and the mortality, corresponds exactly with the mean death-rate of

the whole term of six years, whilst the average death-rate of the months in which

the relationship between the barometric reading and the mortality is inverse, is

much higher.

1
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Now, if I take the mean of the averages of all the months with a barometric

reading above the mean of the six corresponding months, and the mean of the

averages of all the months with a barometric reading below the mean of the six

corresponding months, the result is the same, though not, of course, so distinctly

shown :

—

Jan. Feb. March. April. May. June. Means.

Average mortality of the months with ^

a mean height of barometer above 1

the mean of the six corresponding t
months, )

Average mortality of the months with '\

a mean height of barometer below 1

the mean of the six corresponding t
months, . . )

253-8

276-9

273-2

241-7

246-6

253-3

246-9

2:^8-8

212-7

226-3

204-4

2170

224-8

225-0

July. August. Sept. Oct. Nov. Dec.

Avei*age mortality of the months with ^

a mean height of barometer above
(

the mean of the six corresponding t
months, )

Average mortality of the months with ^

a mean height of barometer below
(

the mean of the six corresponding C

months, j

206-7

202-4

192-7

182-7

195-9

171-3

195-5

200-9

240-5

230-2

228-5

257-5

Again : the mean height of the barometer for the whole period of six years is

29 •843. Now, if I take this reading as a standard of reference, I find that of the

seventy-two months thirty-eight afford a higher, and thirty-four a lower mean
reading, and the result, in regard to the ratio of mortality from all causes, is the

same as was observable when I employed the means of the corresponding months

as standards of reference ; namely, that the mortality is greatest with a low read-

ing of the barometer: or more clearly thus :

—

Average mortality of thirty-four months, in which the mean height of the barometer for

each month was below 29-843, ......... 228-14

Average mortality of thirty-eight months, in which the mean height of the barometer for

each month was above 29-843, ......... 223-52

Excess of mortality with a low barometer, 4-62

Again : if I arrange the months in seasons, representing winter by the months

December, January, and February, and the other seasons accordingly, I find that

of the eighteen winter months, the mean height of the barometer in ten was

below, and in eight above 29-843 : of the eighteen spring months the mean height

of the barometer in teii was below, and in eight above 29*843 : of the eighteen
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summer months, the mean height of the barometer in seten was below, and in

eleven above 29-843 ; and of the eighteen autumn months, the mean height of the

barometer in seven was below, and in eleven above 29-843. The average mortality

of these several groups of months is seen thus :

—

Winter.

Average mortality of ten winter months, each with a mean height of barometer below 29-843, 258-6

eight „ „ above ... 254-8

Excess of mortality with low barometer, 3-8

Spring.

ten spring months, each with a mean height of barometer below 29-843, 238-7

eight ,, „ above ... 235-8

Excess of mortality with low barometer, 29

Summer.

seven summer months, each with a mean height of bar. below 29843, 200-97

eleven ,, „ above ... 200-76

arom
Excess of mortality with low b eter, 0-21

Autumn.

eleven autumn months, each with a mean height of bar. above 29843, 214-5

seven „ ,, below ... 197-0

Excess of mortality with high barometer, 1 7'5

It would seem, then, that over the whole year, and in the seasons of winter,

spring, and summer, the relationship between the mean monthly height of the

barometer and the death-rate is invei^se ; but that in autumn it is direct. And I

think that, although it is not a law without exceptions, there is an indication

of a law, if the data be sufficient to determine it, of an increased mortality with a

low barometer. But I must speak guardedly on this point, because the result of

the inquiry differs from those obtained by many acute investigators ; and I think

it right to mention particularly that it is opposed to the opinion of talented

investigators who have made similar observations in Berlin, Dresden, and Paris.

And I may mention, moreover, that the results which are shown with reference

to the influence of drought and humidity upon the death-rate from all causes are

also opposed to those obtained by some of the same observers. At the close of

the paper I shall present the principal data in a different form, in order to test still

more rigidly the accuracy of these inductions.
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The Range of the Barometer.—Intimately associated with the previous inquiry

concerning the influence of the monthly mean height of the barometer upon the

mortality, is that of the influence of the monthly range of the barometer. Re-

ferring to Table C, we find the following relations exhibited between the two in

the several sections :
—

Section. Mortality.

Maximum Section, 269-49

Major Section, 233-25

Minor Section, 214-26

Minimum Section, 185-85

Means, . 225-71

Monthly Eange of Barometer.

1-564

1-363

1-163

0-961

1-262

The following table is composed of three factitious years, constituted severally

of months in which the monthly range of the barometer was greater than in any

of the corresponding months, of months in which the range was less than in any

other of the corresponding months, and of the mean monthly range of the six

corresponding months of the different years.

Mean
Greatest Least Mean Mortality Mortality Mortality of

Months. Barometric Barometric Barometric with High with Low the Six cor-

Eange. Eange. Eange. Eange. Eange. resjDonding

Months.

January, , . 1-855 1026 1-486 243-4 3041 265-3

February, . 2-079 1-289 1-540 330-6 250-1 257-4

March, . . 2-021 1-270 1-593 250-0 232-0 249-8

April, . . 1-860 0-734 1-277 290-2 223-5 242-8

May, . . 1 339 0-498 0-956 210-4 193-5 219-5

June, 1-102 0-652 0-877 219-1 188-6 208-6

July, . .
1-083 0-745 0-865 181-3 214-8 204-5

August, 1-167 0-661 0-942 178-7 224-1 189-4

September, . 1-172 0-993 1-082 1650 195-9 187-7

October, 1-872 1-201 1-417 204-4 173-1 198-2

November, 2-129 1-295 1-695 236-0 224-5 237-1

December, . 1-853 1-204 1-429 263-4 2590 247-9

Means, . . . 1-627 0-964 1-263 231-04 223-60 225-68

Both of these tables direct us to the conclusion that the mortality from all

causes bears a direct relation to the range of the barometer : the greater the range

of the barometer the greater the death-rate, and vice versa. And this is another

item in favour of the supposition that the mortality from all causes is greater

with a low than with a high barometer, because the greatest range of the baro-

meter is exhibited when the mean reading of the instrument is low. In the

latter table four months oppose what has now been stated respecting the in-

fluence of the barometric range ; they are January, July, August, and September

;
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and this they do whether the results of the highest and lowest ranges only be

compared, or a comparison of all the six corresponding months in each case be

instituted.

The Influence of Drought and Humidity.

We have already seen that, with reference to mean temperature, the relative

amount of humidity in the atmosphere is important. We are now briefly to exa-

mine into the influence which the various hygrometric conditions of the atmo-

sphere exert upon mortality from all causes independent of other meteorological

elements. It should always be remembered, however, that the amount of mois-

ture necessary to the saturation of a given quantity of air varies with tempera-

ture,—the warmer the atmosphere the greater the quantity of moisture requisite

to saturate it, and vice versa. We may test the influence of the relative amount of

moisture upon mortality from three points : first, with reference to the number

of rainy days ; second^ with reference to the quantity of the rainfall in inches ;

and, third, with respect to the relative saturation of the atmosphere with mois-

ture, as ascertained by means of Mr Glaisher's hygrometric Tables.

Number of Rainy Days.—A rainy day, it may be premised, does not neces-

sarily mean one on which rain continued to fall throughout, nor even during

many hours ; a shower of rain is sufficient to constitute a rainy day. Nor has

the term any reference to the amount of rain deposited in a given time ; very

little or very much rain may fall on a rainy day. Hence, we often find, that

with ten rainy days in one month, there is a greater rainfall than in fifteen rainy

days of another month.

In the several sections of Table C, the relative number of rainy days to the

mortality from all causes is as follows :

—

Section. Mortality. Number of Rainy Days.

Maximum Section, 269-49 15-1

Major Section, 233-25 13-7

Minor Section, 214-26 15-4

Minimum Section, 185-85 15-3

Means, 22571 14-9

A Table consisting of three factitious years, constituted of months with the

greatest number of, and months with the fewest rainy days, together with the

means of all the corresponding months, shows the following result. Where two

months are alike in the number of rainy days, the one in which most or least

rain fell is taken :

—
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January. February. March. April. May. June.

Months with Most Rainy Days, . .

Months with Fewest Rainy L)ays, .

Means of the Six CorrespondingMonths,

21

14
16-6

296-6

214-0

265-3

17

6
12-1

246-9

237-7

257-4

22

11

16-1

220-2

232-0

249-8

16

9

12-2

243-6

223-5

242-8

16

13

130

228-4

219-3

219-5

20
11

13-8

215-0

188-6

208-6

July. August. September. October. November. December.

1

Months with Most Rainy Days, .

Months with Fewest Rainy Days, .

Means of the Six CorrespondingMonths

,

22

11

165

192-3

214-8

204-5

22

10

16-p

173-1

224-1

189-4

19

13

15-3

1650 22
195-910
187-715-7

210-4

204-4

198-2

19

10
15-2

224-5

266-1

237-1

21

13
16-2

259-0

241-4

247-9

In this Table the general indication is, that the mortality is greatest in those

months which have the greatest number of rainj days. There are certain ex-

ceptions. March is the first month in which the general order is reversed, and

in which, therefore, there is the highest mortality with the fewest rainy days.

But if, instead of comparing only the months of the absolute highest and abso-

lute lowest number of rainy days, we compare the four months which are below

the mean of the six with the two that are above the mean, we find that the

general rule holds good,—those months with the highest number of rainy days

giving the average mortality 251*7, whilst those months with the fewest rainy

days give an average mortality of only 249 1. The same may be said of July,

where the average mortality of the three months with the greater number of

rainy days is 206-9, whilst the average death-rate of the months with the fewest

rainy days is only 202 2. The months of August, September, and November,

which, in the above Table, oppose the general indication, continue so to do even

when all the months are compared. Thus, the average mortality of the Augusts

with most rainy days is only 177*9j whilst the average of those with the fewest

rainy days is 200-7. Of September, in the same order, the proportion is 171 '3

(most) to ly5-9 (fewest). Of November, 229-7 (most) to 244-4 (fewest).

Quantity of Rain in Inches.

Table C. shows the following results :

—

Section. Mortality.

Maximum Section, 269-49

Major Section, 233-25

Minor Section, .
214-26

Minimum Section, 18585

Means, 225-71

Kain in Inches

3-18

3-06

3-27

3-18

3-17

With the factitious years constituted as in the previous case, we have the

following results :

—
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Months.

i

Most Eain. Least Rain.

Mean Rainfall

of the Six

Corresponding
Months.

Mortalitj' with
Most Rain.

Mortality -n-ith

Least Rain.

Mean Mor-
tality of the

Six Months.

January, 5-32 2-77 3-82 296-6 253-2 265-3

February, 3-38 113 2-32 246-9 237-7 257-4

March, . 5-10 1-95 3-55 220-2 257-8 249-8

April, . 3-20 104 211 222-7 223-5 242-8

May, 3-89 029 2-07 228-4 193-5 219-5

June, 4-34 2-04 2-98 2191 1886 208-6

July, . 4-31 1-82 3-14 2240 214-8 204-5

August, 6-44 2-27 3-39 173-1 178-7 189-4

September, 5-27 1-92 3-24 165-0 182-5 187-7

October, 514 2-36 4-41 210-4 2080 198-2

November, 6-63 2-38 3-37 224-5 266-1 237-1

December, , 5-20 2-98 3-85 259-0 241-4 247-9

Means,
1

582 1-91 318 224-16 220-49 225-7

In the latter Table we see the same indication of a tendency to increase of mor-

tality with increase of rainfall, the exceptional months being, as in the case of the

number of rainy days, March, July, August, September, and November, but in this

case April also slightly opposes the general indication. It is observable that, in

both instances, whether with an excess or deficit of the rainfall, the mortality is

below that of the average of the six corresponding months taken over the whole

year. Now, if instead of being content with the indications as given by a com-

parison of the month of absolute highest with the month of absolute lowest rain-

fall, we compare all the months which have a rainfall above the average rainfall

of each group of corresponding months, with all the months which have a rain-

fall below the mean of the six corresponding months, we obtain the following

result :

—

Average Mortality of those Average Mortality of those

Months which have a Rainfall Months which have a Rainfall

greater than the Mean of the less than the Mean of the

Six corresponding Months. Six corresponding Months.

January, 273-60 257-10

February, 268-53 246-36

March, . 236-30 263-66 +
April, 238-76 246-93 +
May, 226-26 212-73

June, . . 217-05 204-40

July,. . 206-90 202-20

August, . 184-75 198-60 +
September, 184-50 191-00 +
October, . 201-23 195-16

November, 231-72 242-46 4-

December, 255-56 240-16

Mems
i

227-09 225-06

1-
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This Table still leads us to the same opinion,—namely, that the relationship

existing between the amount of rainfall and the mortality from all causes is direct

over the whole year, although it may be inverse as regards those months which

in the latter Table are distinguished by the sign +

.

Humidity.—It remains to be seen what may be the character of the relation-

ship between the death-rate from all causes and the amount of moisture in the

atmosphere, as indicated by the humidity column. The sections of Table C give

us, with respect to humidity, the following results :

—

Sections.
'

Mortality. Humidity (Sat. = 100).

Maximum Section, 269-49 87
Major Section, 233-25 86
Minor Section, 214 26 84 .

Minimum Section, ....'.... 185-85 84

Means, 225-71 85

In the foregoing Table we have an indication of a direct relationship between

its two elements,—the greater the humidity the greater the mortality, although

in the minor and minimum sections the figures representing the average amount

of moisture are identical. In the following Table I have taken the average mor-

tality of those of the six corresponding months whose humidity is above the

mean of the six, and the average mortality of those months whose humidity is

below the mean of the six. The results are seen thus :

—

Average Mortality of those Months -whicli have
a Humidity above the Means of the Six corresponding

Months.

January, (Aver. Mean Temp.
February,

( „
March,

April,

May,
June,

July,

August,

September,

October, (Aver. Mean Temp
November, ,, „
December,

Mean,

36°-73)

39°-85)

236-86

244-10

+ 253-36

+ 251-82

+ 224-70

+ 210-16

+ 208-87

+ 189-50

+ 188-55
48°-30) 189-70

39°-97) 232-00

+ 249-70

223-28

Average Mortality of those Months which have
a Humidity below the Means of the Six corresponding

Months.

January, (Aver. Mean Temp. 38°-20) 293-86 +
February,

( „ „ 34°-90) 284-15 +
March, .... 246-60

April, .... 22490
May, .... 193-50

June, .... 207-06

July, .... 195-90

August, .... 189-10

September, . . 186-15

October, (Aver. Mean Temp. 46°-00) 206-70 +
November,

( „ „ 39°-] 0) 242-20 +
December, . . . 246-03

Mean. 226-346

Here, for the first time, we meet with an indication of a dry air, irrespective

of temperature, being more fatal than a humid atmosphere. Nevertheless, eight

of the months tend to a conclusion in conformity with that which the former

Tables have suggested, four of the months only conducing to an opposite opinion.

If we seek an explanation in the mean temperature of the several months which

determine the result of the latter table, we find that, with the exception of
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January, the average mean temperature of those months which show an increased

mortahty with deficient moisture is below the average mean temperature of the

corresponding months whose humidity was greater. If this be worth anything,

it tends to corroborate a previous suggestion that dry cold is more fatal than

humid cold.

«

On the Influence of certain Winds.

We have no winds in this country which bear comparison, in point of inten-

sity, with such as are the bane of other lands. Of Siroccos, Harmattans, Simooms,

Samiels, Khamsins, or Solanos, we have none. But we have an east wind ; and

although it is by no means the prevalent wind of the country, nevertheless, from

its harshness, and from its evil influence upon certain classes of disease, it has

acquired a just notoriety.

Table C. furnishes us with the following comparisons. The figures represent

the average number of days on which the different winds blew.

Section. N. N.E. E. S.E. S. s.w. w. N.W.
Calm
or

Variable.

Mortality.

Maximum, .

Major, . . .

Minor, . . .

Minimum, .

2-91

215
1-90

1-58

2-22

2-00

202
1-72

300
317
303
300

3-36

3-14

2-62

2-88

3-09

2-80

286
3-28

5-67

697
6-72

657

5-13

5-44

6-22

6-33

3-22

2-86

3-08

2-64

1-90

258
2-12

2-58

269-49

233-25

214-26

185-85

Means, . . 2-13 1-99 3-05 3-00 301 6-23 5-78 2-95 2-29 225-71

In the foregoing Table we have a general indication of a direct relationship

between mortality from all causes and winds from a point between N. and E.,

and of an inverse relationship between mortality from all causes and winds from

a point between S. and W. The due E. wind shows little or no predominance in

any one section more than another. The S E. wind shows a tendency to blow

directly as the mortality, but not uniformly through all the four sections. The

due S. wind, with the exception of the first section, blows inversely as the mor-

tality. The N.W. wind affords no determinate relationship. With respect to the

number of calm days, or days on which the wind was so light and changeable

as to afford no fixed direction, all that can be said is, that there are fewest of

such days in the maximum section.

As it would require too much space to compare the relative frequency of the

different winds with the death-rate month by month, it must suffice to do so

year by year. This is done in the following Table, in which the average mor-

tality of the years with the greatest number of days of each wind is compared

with the average mortality of the years with the fewest days of each wind :

—
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Average Mortality of the^ ^^ ^^ ^ gg g g^
1 ears in which the num-
ber of days of each Wind V 2295 235'8 2358 233-0 222-0 220-1 218-9 2274 221-9
was above the Mean ofl

the Six J

Average Mortality of the-\

Years in which the num-
ber ofdays of each Wind V 223-7 220 6 220-6 2183 227-4 236-7 232-4 223-8 2294
was below the Mean of

the Six I

If this be a true guide to the relationship existing between the prevalence of

certain winds and mortality from all causes, then it is manifest that all winds

between N.W. and S.E. (north about) are directly related to the death-rate, whilst

those winds blowing from points between S.E. and W. (south about) have an in-

verse relationship. It would seem, moreover, that calms, or light shifting winds,

are less frequent when the mortality is high than when it is low.

Fo)'ce of Winds.—There is nothing in Table A. to lead us to a decision as to

the influence of the relative force of wind upon mortality from all causes. The

force is there given in lbs., and, according to the several sections, stands related

to the death-rate in the following manner :

—

Section. Mortality. Force of Wind in lbs.

Maximum, 269-49 1-654

Major, 233-25 1630
Minor, 21426 1-737

Minimum, 185-85 1346

Means, 225-71 1592

Two factitious years, constituted of the months which show the greatest wind

force of the six, and those which show the least, respectively, afford the follow-

ing comparison :

—

Mortality of each Month ^
•^^°- ^^^- ^^'"^ ^^"^ ^^^ "^"^^ ^^^^ ^"-- ^^P*' ^'^- ^°^- ^'^'=-

of the Greatest Wind I 243-4 330-6 232-0 222-7 219-3 215-0 192-3 173-1 177-7 210-4 224-5 215-7

ForcG . J

Do. do. Least do. 253-2 251-3 256-7 223-5 193-5 196-4 214-8 168-4 195-9 204-4 230-0 241-4

From this table it is evident, that our data do not furnish us with determinate

information regarding the influence of the pressure of the wind upon mortality.

There can be no doubt, however, and perhaps, if the data prove anything at all,

they prove this, that whatever be the exact pressure of the wind, it acts in a two-

fold manner upon the death-rate, each separate influence compensating the other.

If we have high winds, and stormy weather on that account, the death-rate will

be increased not only by the fatal exhaustion caused to debilitated persons, but

also by the casualties which invariably occur both afloat and on shore during

gales of wind. On the other hand, when the pressure of wind is low, the atmo-

sphere is stagnant, becomes loaded in many localities with pestilent effluvia, and

sickness, usually of the zymotic class, prevails. A breeze of wind on land sweeps



332 DR R. E. SCORESBY-JACKSON

out the hotbeds of disease, clearing them of the products of animal and vegetable

putrefaction, and rendering them wholesome habitations for the human family

:

just as in another sphere of usefulness it turns up the surface of the wide ocean,

preserving its waters from corruption, and imparting the very essence of life to

its creatures.

Recapitulation.

Such is a brief sketch of the first part of the subject which at the outset I pro-

posed to lay before the Society. I have before said, that this is by no means in-

tended to be an exhaustive treatise, and I repeat that I have not even exhausted

all the information which the tables and diagrams are capable of afibrding. In

both there is still abundance of materials for further research, even concerning the

influence of weather upon mortality from all causes of which alone I am now speak-

ing, which may be thrown into a variety of shapes for the purpose of elucidating

peculiar theories. I have done nothing more than examine the leading character-

istics of the subject ; and that without endeavouring either to propound or substan-

tiate any theory whatever. I am neither disappointed that my results do not always

coincide with those obtained by other investigators of cognate subjects, nor am I

gratified with the idea of raising opposite views. In some points, the results of

my inquiries harmonise with those of several observers in other countries, while

in some they are diametrically opposed ; but this does not at all imply a want of

accuracy, either on their part or mine ; it is quite competent for the results to

differ, and yet each be right regarding the particular locality to which he refers.

I have endeavoured to treat the investigation in the simplest manner, by merely

putting questions to the collected facts, and leaving them to supply the answers

;

and in the present recapitulation I would have it distinctly understood, that I do

not assert that these statements inviolably express the influence of weather upon

mortality in the towns of Scotland ; but I think it very probable that they do so

generally. It will be a matter of no small interest to learn from the circumstances

of the next six years whether the present suggestions are tenable or not. There

does not appear to me to have been during the six years from which the facts

are gathered any fluctuation of other external agencies worthy of particular atten-

tion. Sanitary improvements are occurring from time to time, and when they

are such as to affect a large community, a diminution in the death-rate should,

to a certain extent, be ascribed to them ; the other matters of importance, as the

price of food and the like, have already been given in a tabular form. It is pro-

bable, then, that in Scotland the death-rate from all causes is influenced by

A. Temperature.

1. Below 50° Fahr., the relationship existing between mean temperature and

the death-rate from all causes is inverse—the lower the temperature the higher
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the mortality,; but above 50° the relationship becomes direct, the death-rate in-

creasing with the temperature. The months during which the latter condition is

observable, are probably July and August ; but in Scotland the mean temperature

does not often rise so high as to render it a cause of alarm.

2. Over the whole year the relationship between the monthly range of tem-

perature and the death-rate is inverse ; but during the months of July, August,

and September, it is direct. A similar relationship exists between the mean
daily range of temperature and the death-rate.

3. It is probable that dry cold is more fatal than humid cold.

4. Extremes of temperature are always fatal, but eminently so when long

sustained.

B. Atmospheric Pressure.

1. The results afforded by comparison of the relative height of the barometer

with the death-rate from all causes are conflicting, but there is probably a pre-

ponderance in favour of the supposition that the relationship between the two

is inverse in the colder, and direct in the warmer months.

2. The relationship between the monthly range of the barometer and the

death-rate is direct.

C. Drought and Humidity.

The relationship existing between humidity (irrespective of temperature) and

mortality appears to be direct in the colder, and inverse in the warmer months.

D. Winds.

Winds blowing from a point between N.W. and S.E. (north about) attend a

high death-rate. Winds blowing from a point between S.E. and W. (south about)

occur more frequently during months in which the mortality from all causes

is low.

If in the foregoing tables the diflPerence between the mortality with this and with

that kind ofweather be often apparently trifling, it must be remembered that one or

two deaths, more or less, per 100,000 living, is a matter for serious consideration.

It must be remembered also, that in the mortality from all causes, there are many

compensating influences at work which tend to reduce and soften what avouIcI

otherwise appear as remarkably prominent features in the inquiry. As a single

example of this, it is plain that if deaths from diarrhoea were excluded, the death-

rate from all causes would be relatively higher in cold weather than it wow

appears to be, for deaths from diarrhoea being low in cold and high in warm
weather, tend to equalise the surface over the whole rate of mortality.

VOL. XXIII. PART II. 4 Y
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II.

—

The Influence of Weather upon Mortality from Special Causes.

It must be quite obvious that to have repeated the foregoing inquiries \vith each

class of disease, or still more so with each individual disease, would have carried

me far beyond the limits of a single paper. The tables and diagrams together,

however, are sufficient to enable any one desirous of information concerning

the influence of weather upon mortality from any of the diseases there given, to

comprehend readily enough the relationship which the several meteorological data

bear to the death-rates. All that I can venture to do with the remainder of the

collected facts will be to trace out the more apparent bonds of union between the

weather and the several diseases ; and I may mention, in passing, that the reason

why I have added to the titles and diagrams a representation of the deaths from

all sijedfied causes, is simply to afford an opportunity of determining the propor-

tion which the death-rate from an}^ individual disease bears to the entire mor-

tality ; this could not have been ascertained by a reference to the death-rate from

all causes, since that comprises many deaths from causes which are not stated,

and which might therefore be attributable to any of the diseases in the Registrar-

General's Schedule. Following the order in M^hich the diseases are arranged in

the tables, I shall confine my remarks either to the class of diseases or to one of

the representative diseases, as seems to promise most interest.

A. The Influence of Weather upon Mortality from Zymotic Diseased.

This class of diseases may be dismissed with very few remarks ; not because

the inquiry is either uninteresting or unimportant, but because it is very complex,

and would require more time than can at present be afforded to treat it as it

deserves. I shall speak of zymotic diseases only as a class.

The influence of season in determining the death-rate from these disorders may

be inferred from the following order of months, the ratio of deaths being that

afforded by the averages of the six corresponding months as in Table C.

Month. Mortality.

January, 670
November, 65"8

December, 64*7

February 60 3

October, 59-0

March, 55-3

Mean, ....

Montli. Mortality.

September, 54-7

July, 50-7

April, 50-3

August, 47'5

May, 450
June, ........ 44-7

. . 55-42.

Perhaps the questions of greatest interest with respect to zymotic diseases are

those which refer to the mean temperature, mean height of the barometer, direc-

tion and force of wind, and the rainfall.
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The relationship existing between the mean temperature of the month and its

death-rate from zymotic diseases is seen in the following table, in which, out of

the seventy-two months, those with the highest and those with the lowest death-

rate from such causes are selected :

—

Jan. Feb. March. April. May. June. Average.

Mean temperature of the months in which 1

the highest death-rate occurred, . J

Mean temperature of the months in which }

the lowest death-rate occurred, . . j

39-6

39-3

39-3

35-8

39-2

39-5

42-7

454

49-8

49-5

58-9

57-2

47-24

47-36

1

July. August. Sept. Oct. Nov. Dec.

Mean temperature of the months in which )
the highest death-rate occurred, . j

Mean temperature of the months in which
)

the lowest death-rate occurred, . , j

56-0

590

60-0

560

56-1

53-7

46-0

49 5

394

38-5

39-9

44-9

Hence it appears that the influence of temperature upon the death-rate caused

by zymotic diseases as a class is variable, and that the above data afford no

indication of any general law.

The following table is constructed upon the same principle as the former, and

refers to the mean height of the barometer :

—

Jan. Feb. March. April. May.

29-864 29-840 29-804 29-767 29-959

30-065 29-998 29-852 30-177 29-823

June. Average.

Mean height of the barometer for the "|

months in which the highest death- V

rate occurred, J

Mean height of the barometer for the
^

months in which the lowest death- v

rate occurred, j

Mean height of the barometer for the
^

months in which the highest death- V

rate occurred, ....... j

Mean height of the barometer for the

months in which the lowest death-

rate occurred,

30-032

29-961

July.

29-887

30-050

August. Sept. Oct.

30-014

29-885

29-882

29-723

29-784

29-936

Nov.

29956

29544

Dec.

29-703

29-989

29-874

29-917

The preceding table scarcely points to any general law, unless it be this, that

during the colder months of the year the relationship existing between the height

of the barometer and the death-rate from zymotic diseases is inverse, whilst during

the warmer months it is direct. The months July and November do not conform

to such a law ; it may be remarked, however, that the July with the high death-

rate was much cooler than the other, whilst the November with the high death-

rate was rather warmer than its associate.
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The following table is arranged in the manner of the two previous tables, and

refers to the amount of the rainfall in inches :—

Jan. Feb. March. April. May. June. Average.!

Rainfall of the months in which the )

highest death-rate occurred, . . . j

Rainfall of the months in which the |

lowest death-rate occurred, . . . j

4-21

2-98

1-54 2 94

M3 1-95

2-38

1-04

1-66

2-81

2-36

2-35

3-05

308 ;

July. August. Sept. Oct. Nov. Dec.

Rainfall of the months in which the )

highest death-i-ate occurred, ... J
Rainfall of the months in which the 1

lowest death-rate occurred, . . . j

4-31

2-76

1-87

3-35

3-82

5-27

5-14

334

238 400

6'63 3-37

Eight of the months show a higher death-rate with a greater rain-fall, whilst

the remaining four present a higher death-rate with a smaller rain-fall ; never-

theless the average quantity of rain of both the years so constituted is almost

identical.

As it would be tedious to reproduce in the text the relative prevalence of all

the winds given in the tables, it may suffice to select one of them, and to infer

from the fluctuations in that the relative frequency of others. The wind which

blows on the greatest number of days in the year is that from the south-west ; it

Avill therefore be the one most suitable to our present purpose.

Jan. Feb.
{
March. April. May. June. Average.

Days of south-westerly wind in the

)

months with the highest death-rate, j

Days of south-westerly wind in the
\

months with the lowest death-rate, j

11-0

100

105

3-5

50

6-5

35

3-0

4-5

6-5

7-0

6-0 I

1

6-6
1

7-12 1

''

July. August. Sept. Oct. Nov. Dec.

Days of south-westerly wind in the

)

months with the highest death-rate, j
Days of south-westerly wind in the

)

months with the lowest death-rate, j

60

7-0

5-5

7-0

6-0

6-0

8-0

80

31

7-0

8-9

15-0

In this table there appears no indication of a law of the wind affecting the

death-rate ; the averages of both the factitious years are somewhat above the

average frequency of south-westerly winds over the six years. I find, on arranging

the due east winds in the same manner, that the average of the twelve months

with the highest death-rate is 3-46, whilst the average of the months with the

lowest death-rate is 288 ; and that both of these averages are somewhat below

the average frequency of due east winds over the six years, which is 3'5.

It will be interesting, in the last place, to ascertain whether the relative force
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of the winds exerts any influence upon the death-rate from zymotic diseases.

The following table is constructed like the former, the figures representing the

force of the winds in pounds weight :

—

Jan. Feb. March. April. May. June. Average,

Pressure of the winds during the months )

with the greatest death-rate, . . J

Pressure of the winds during the months )

with the least death-rate, ... J

2-95

2-36

1-77

1-80

1-88

1-89

1-18

1-45

1-79

1-34

1-36

1-67

1-64

1-68

July. August. Sept. Oct. Nov. Dec.

Pressure of the winds during the months )

with the greatest death-rate, . . j

Pressure of the winds during the months \

with the least death-rate, . . . j

Ill

1-44

1-04

0-82

1-38

1-38

2-34

1-28

1-09

2-36

1-80

2-32

The average force of the winds over the six years is 1 -59, and therefore in both

of the extreme years of the above table the averages are rather high. It might

have been supposed, that when the death-rate from zymotic diseases was higher,

the relative pressure of the wind would have been low, indicating calm rather

than hreezy weather ; but if the above table proves anything, it is the very oppo-

site of that.

That the weather has to do with fluctuations in the death-rate from zymotic

diseases no one will doubt, but the manner of its operation it is difficult to explain.

In countries where marshes form an ample source of some of these diseases, the

effects of temperature and humidity are obvious enough ; but in this country, in

which the germs of such diseases spring from unrecognised sources, the influence

of the weather in bringing them hither, developing, and propagating them, is

not so plain. I make no comments upon the foregoing facts ; it was not to be

expected that any very striking results would be deducible from a mere compari-

son of the meteorological data with the death-rate from a class of diseases com-

prehending so great a variety. In the tables I have given the death-rates from

three diseases of the zymotic class—viz., Typhus, Scarlatina, and Diarrhoea—

and it would have been interesting to have shown the effects of meteorological

phenomena upon each of these, but that must be left to another opportunity.

B. The Influence of Weather upon Mortality from Phthisis Pulmonalis.

Instead of examining the influence of weather upon the tubercular class of

diseases as a whole, it will perhaps be more profitable to confine my remarks to

one, and that the most fatal, of such diseases.

The order of the months according to the death-rate from phthisis, from the

highest to the lowest, following the means of the six corresponding months as in

Table C, is as follows :

—
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April, 35-9

March, 35-1

May, 33-6

June, 33 5

February, 323
January, 30-6

July, 30-3

December, 28-

1

November, 26-7

August, 260
September 23*1

October, 22-9

The average monthly ratio of deaths fi'om phthisis pulmonalis, per 100,000

living at all ages, in the eight larger towns of Scotland, during the six years 1857-62

inclusive, is exhibited in the following table, together with some of the meteoro-

logical characteristics of the corresponding periods :

—

Tear.
Mor-
tality.

Mean
Temp.

Mean of the

Monthly
Ranges of

Temperature.

Mean of the

Daily Eanges of

Temperature.

Mean
Height of

Barometer.

Mean of the

Monthly
Eanges of

Barometer.

Total

Rainfall in

Inches.

Total of

Days of N.,

N.E., and
E. Winds,

i

1860
1862
1858
1857
1861
1859

32-4

30-1

29-5

29-4

29-1

28-7

44-5

46-1

46-6

48-0

46-9

46-7

31-3

300
45-8

49-8

30-9

33-6

11-8

11-5

12-8

11-8

11-6

12-7

29-785
29-812

29-916

29-893

29-838

29-817

1-444

1-218

1-294

1-236

1-099

1-289

37-88

4529
33-91

30-56

45-07

37-17

1050
740
74-0

98-8

83-0

760

Average, 29-7 46-5 36-9 120
1

29-843 1-263 38-31 851

The following table is constructed upon the plan of those previously given with

other subjects of investigation ; the months are not those of the same years, but

those of any year in which the highest or lowest death-rate from phthisis occurred.

Jan. Feb. Mar. April JIay. June. July. Aug. Sept. Oct. Nov. Dec. Average

Mean temperature with highest 1

mortality, J

36-3 340 38-4 41-6 60-2 530 58-0 54-4 53-4 46-0 39-4 340 44-9

Mean temperature with lowest 1

mortality, J

Monthly range of temperature 1

with highest mortality, . .
J

39-6 39-3 43-0 41-3 49-5 57-2 53-8 56-0 53-7 45-8 37-1 41-8 46-5

37-4 35-0 27-0 32-2 35-5 27-5 46-5 27-1 32-9 29-6 33-3 85-5 33-3

Monthly range of temperature

with lowest mortality, . .
J

27-1 56-0 33-2 39-0 54-7 32-3 26-2 26-4 27-7 43-8 83-3 22-7 35-2

Daily range of temperature

with highest mortality, . .

8-2 10-7 11-5 14-9 15-0 13-8 14-1 12-8 14-1 10 9 9-7 8-7 12-0

Daily range of temperature
with lowest mortality, . .

9-6 10-8 10-9 13-6 14-8 13-6 13-1 12-6 110 120 11-0 8-7 11-8

Mean height of barometer with
highest mortality

J

Mean height of barometer with S

lowest mortality, . . . . |

Range of barometer with
highest mortality, ....

30-038 29-932 29-639 29-978 29-831 29-674 29-832 29-575 29-979 29-784 29-956 29-651 29-iJ

29-864 29-840 29-707 29-751 29-823 29-961 29-735 29-885 29-723 29-667 29-897 29-767 29^
1-026 2-079 1-931 1-860 1-228 1-102 0-850 1-080 0-993 1-261 1-872 1-853 1-m

Range of barometer with lowest )

mortality,
)

1-855 1-289 1-270 1-289 1-339 0-694 0-790 0-944 1172 1-236 1-513 1-204 1-2K

Rain in inches with highest

mortality,

Rain in inches with lowest 1

mortality,
J

Days of N., N.E., and E. winds
'

with highest mortality, . .

3-09 2-69 3-52 1-18 2-18 4-34 2-17 3-79 2-44 5-14 2-38 3-66 3-06

4-21 1-54 4-18 3-20 2-81 2-35 3-87 3-35 5-27 4-60 6-32 5-20 3-91

6-0 8-0 6-0 13-0 8-0 11-0 3-0 6-0 6-0 4-0 10-0 8-0 7-42

Days of N., N.E., and E. winds 1

with lowest mortality, . .
J

1-0 1-6 40 12-0 8-5 140 4-0 7-0 3-0 10-0 2-0 20 5-76
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From the foregoing tables it would seem :

—

1

.

That a low mean temperature of the winter months gives rise to an increase

in the death-rate from phthisis, and that this relationship is the more clearly

observable if the low temperature be sustained for some time without intermission,

as in the case of the months from November 1859 to February 1860 inclusive.

A high summer temperature does not seem to increase the fatality of phthsis. It

is only when the temperature of winter is remarkably low that the increased

death-rate from phthisis is distinctly traceable to that cause.

2. That the relationship between the monthly range of temperature and the

death-rate from phthisis is uncertain, and that the latter is not under the control

of the former.

3. That the daily range of temperature exerts no constant influence upon the

death-rate from phthisis.

4. That there is no constant relationship observable between the mean monthly

height of the barometer and the death-rate from phthisis.

5. That if there be any indication of a constant relationship between the

monthly range of the barometer and the death-rate from phthisis, it is that the

death-rate increases with the range.

6. That the rainfall bears no constant relationship to the death-rate from

phthisis. It is possible, however, that it may be inverse in the colder and direct

in the warmer months.

7. That possibly an increase in the number of days during which north, north-

east, and east winds prevail, may give rise to an increase in the death-rate from

phthisis.

C. The Influence of Weather upon Mortalityfrom Bronchitis.

The influence of the weather upon diseases of the respiratory organs differs

greatly from its influence upon phthisis pulmonalis. In the former, the atmo-

sphere comes immediately into contact with the seat of the malady ; in the latter,

it merely touches a local manifestation of the disease. It is the oversight of this

difference that leads to so much disappointment in the employment of change of

climate as a remedial agent. In selecting a locality for the residence of a patient

afflicted with a disease of the respiratory system,—as bronchitis, asthma, or the

laryngeal affections,—too much care cannot be observed in matters meteoro-

logical ; but, in choosing a winter resort for a phthisical patient, there are many
circumstances of more weighty importance than the weather, to the consideration

of which meteorology ought to be subordinated. Change of climate as a remedial

agent in the treatment of consumption is exceedingly valuable when properly

employed, but equally mischievous when used -without a due regard to all the
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circumstances of the case. To treat consumption by change of climate on meteor-

ological grounds alone, is simply to endeavour to combat a symptom without

reference to the pathology of the disease, and it would be quite as reasonable to

expect a cure from the mere use of a poultice or a cough mixture. To dispatch

a consumptive patient to a foreign country only for meteorological reasons, if he

be unable to eijjoy the change, in spite of the anxiety, fatigue, and discom-

forts which must attend the sacrifice of his ordinary pursuits, the separation

from his friends and a sojourn amongst strangers, is not useless only, but cruel.

But this is a digression from which, perhaps, it would be better that I should

refrain.

The order of the months according to the death-rate from bronchitis, from the

highest to the lowest, following the means of the six corresponding months as in

Table C, is as follows :

—

.January, 30-4

Februai-y 300
December, 26 9

March, 25-2

April, 22-8

November, 22-7

Mean,

May, 16-9

.Tune, 13-9

October 12-4

July, 10-5

September 9 "5

August, 87
19-16

The average monthly ratio of deaths from bronchitis, per 100,000 living at all

ages, in the eight larger towns of Scotland during the six years 1857-C2 inclu-

sive, is exhibited in the following table, together with some of the meteorological

characteristics of the corresponding periods:

—

Year.
Mor-
tality.

Mean
Temp.

Mean of the

Monthly
Ranges of

Temperature.

Mean of

the Daily
Ranges of

Temperature.

Mean
Height of

Barometer.

Mean of the

Monthly
Ranges of

Barometer.

Total

Rainfall in

Inches.

Total of Days
on which N.,

N.E., and E.
Winds blew.

1860 26-6 44-5 31-3 11-8 29-785 1-444 37-88 105-0

1862 25-6 46-1 30-0 11-5 29-812 1-218 45 29 74-0

1861 22-9 46-9 30-9 11-6 29-838 1-099 45-07 830
1858 15-6 46-6 45-8 12-8 29-916 1-294 33-91 74-0

1857 12-4 48-0 49-8 11-8 29-893 1-236 30-56 98-8

1859 119 46-7 33-6 12-7 29-817 1-289 37-17 76-0

As in the case of bronchitis there is a very remarkable difference between the

death-rate in 1860 and that in 1859, instead of constituting factitious years for

comparison, I may in this instance contrast the year of the highest with the year

of the lowest death-rate. This is done in the following table:

—

I

f
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lortality from bronchitis in 1860,

Mortality from bronchitis in 1859,
lean temperature in 1860, . .

lean temperature in 1859, . .

lonthly range of temperature
\

in 1860 /

[onthly range of temperature \
in 1859, ......./
[ean of the daily ranges of tem-
perature in 1860, ....
[can of the daily ranges of tem-
perature of 1859, ....
!ean height of the barometer

)

in 1860
J

!ean height of the barometer
\

in 1859 )

onthly range of the barometer
)

in 1860, /

onthly range of the barometer
)

in 1859, /

mount of rain in inches in 1860,
nount of rain in inches in 1859,
0. of days on which N., N.E., )

and E. winds blew in 1860, /
3. of days on which N., N.E., 1

and E. winds blew in 1859, j

Jan.

36-0

17-6

35-5

39-6

28-5

27-1

8-1

9-6

29-529

29-864

1-810

1855

4-56

4-21

90

1-0

Feb.

62-0

198
340
40-5

35-0

29-0

10-7

9-8

29-932

29-709

2-079

1-375

2-69

3-38

8-0

2-0

March.

41-2

14-8

38-4

430

27-0

33-2

11-5

10-9

29-639

29-707

1-93]

1-270

3-52

418

6-0

40

April.

43-9

13-3

41-5

41-3

32-2

39-0

14-9

13-5

29-978

29-751

1-860

1-289

1-18

3-20

130

120

May. .June. July.

26-8

10-0

50-2

61-9

35-5

42-4

15-0

19-7

29-831

30-046

1-228

0-498

2-18

0-29

8-0

11-0

17-2

6-8

530
56-6

27-5

35-3

13-3

16-1

29-674

29-934

1-102

0-653

434
2-04

110

11-0

14-2

6-0

67-3

59-0

.30-9

32-4

14-5

14-3

29-988

30-050

0-745

1-083

1-82

2-76

9-0
j

7-0

August. Sept. Oct.

9-3

59
54-4

57-8

27-1

30-7

12-8

14-7

29-575

29-850

1-080

1167

3-79

2-27

6-0

1-0

8-9

6-8

50-2

62-3

35-0

28-2

13-8

13-6

29-868

29-722

1-165

1-063

1-92

3-21

7-0

3-0

11-7

6-0

46-0

45-8

29-6

43-8

10-9

120

29-784

29-667

1-261

1-236

5-14

4-60

40

10-0

Nov.

21-7

6-8

39-1

39-4

26-5

26-9

8-1

10-4

29-919

29-855

1-641

2-129

2-83

3-37

13-0

6-0

Dec.

26-0

28-8

34-]

340

40-8

35-5

8-1

8-7

29-709

29-651

1-426

1-853

3-91

8-66

110

8-0

Year.

26 6

11-9

44-5

46-7

81-3

33-6

11-8

12-7

29-785

29-817

1-444

1-289

87-88

3717

1050

760

If the foregoing tables are to be trusted, it would seem—
1. That there is an inverse relationship between temperature and the death-

rate from bronchitis in all seasons, but that this is more remarkable in the winter
months, and especially when the cold is severe and protracted.

2. That possibly there may be an inverse relationship between the monthly
range of temperature and the death-rate from bronchitis over the whole year, but
the relationship varies with the season.

3. That the relationship between the daily range of temperature and the
death-rate from bronchitis also varies with the season ; but there is no indication
of any constant correspondence.

4. That possibly the relationship between the mean height of the barometer
and the death-rate from bronchitis may be inverse in summer and direct during
the remainder of the year. And that there is no constant relationship between
the death-rate from bronchitis and the monthly range of the barometer.

5. That the rainfall does not influence the death-rate from bronchitis. To
the last two suggestions it may be added, that although 'the tables do not indi-
cate any constant correspondence between them, nevertheless it is highly pro-
bable that the state of the barometer, and the hygrometric condition of the atmo-
sphere, do exert a powerful influence upon the mortality from bronchitis, and
that the reason why such influence is not more distinctly visible is this, that whilst
a dry atmosphere with a high barometer is prejudicial to one class of bronchitic
patients it favours another, and vice versa j so that, the one class balancing the
other, the influence is not discoverable upon the whole death-rate.
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6. That the north, north-east, and east winds decidedly tend to increase the

death-rate from bronchitis.

D. The Influence of Weather upon Mortalityfrom all Causes at different Ages.

There are two periods in a lifetime at which the influence of the weather,

equally with that of other external causes, is felt most keenly,—infancy and old age.

In childhood, functional activity is bestowed upon the construction and develop-

ment of the body ; in old age, it is required to combat a natural tendency to decay

;

at both of these periods, the powers of resistance are feeble. Whatever causes

interfere with the due performance of the vital functions, are more potent for

mischief at these than at other periods of life. The adult can bear an amount of

fatigue, both mental and physical, deprivations of food and sleep, and vicissitudes

of weather, with far less danger to vitality than others can do at the extremes of

life. A glance at the diagram in which the curves of mortality from all causes,

at different ages are laid down, will show this distinctly. The curve representing

the death-rate from 0-5 years fluctuates more than the rest ; next to that in point

of angularity is the death-rate of the aged. The curve of mortality in youth

deviates but slightly, and that representing the death-rate in adult life would be

much less prominent in its deviations, if it were seen in periods of twenty years

each, as in the curves of youth and old age, supposing the latter to extend to eighty.

The order of the months, according to the death-rate from all causes at dif-

ferent periods of life, from the month with the highest to the month with the

lowest death-rate, following the means of the six corresponding months, is as

follows :

—

0-5 Tears. 5-20 Tears. 20-60 Tears. 60 Tears and Upwards.

January, 122-7 April, . . 251 January, . 72-8 January, . . 45-9

February, . 121-9 March, 24-3 March, 70-2 February, . 44-0

December, 1139 February, 24-1 December, 67-8 December, . 43-5

March, . . 113-9 January, .
23-9 February, 67-0 April, . . 421

November, . 111-5 May, . . 23-8 April, . . 67-9 March, . 41-5

April, . 107-5 June, . 23-3 May, . . 63-2 November, . 41-3

May, . 97-2 December, 22-7 November, 61-9 May, . . . 35-2

October, 96-2 Julv, . . 22 5 June, .
59-2 June, . . . 34-9

July, 96-1 November, 22-4 Julv, . 54-7 Julv, . . . 312
September, 92-2 October, . 21-5 August, . 51-7 October, . . 28-8

June, 91-3 September, 20-3 October, . 51-0 August, . . 28-7

August, . 89-1 August, . 19-7 September, 48-6 September, . 26-7

Means, 104-5 22-7 61-3 369

It is noticeable, that the order of the months, according to the death-rate in

infancy and old age, is very nearly the same as that according to the death-rate

from bronchitis ; whilst the order of the months, according to the death-rate be-
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tween five and twenty years, is more like that observed with phthisis, the order

of the months, according to the death-rate between twenty and sixty years,

appearing to hover between the two.

The range of the death-rate between the month with the highest and the

month with the lowest mortality varies with the period of life. As already

adverted to, it is 33-6 in infancy, 19-2 in old age, and only 5*4 in youth. In adult

life, over a period of forty years, the range is 24-2.

I shall not extend my paper by pursuing the same investigations with this as

with the previous subjects of inquiry. There is only one more question I will ask

of the facts now before me. It is this,—What is the effect of protracted cold in

winter, and of sustained heat in summer, upon the death-rates at different periods

of life ? The question is answered in the following table. The periods selected

for the inquiry are from November 1859 to April 1860, and from May to October

1857:—

I

Nov. Dec. Jan. Feb. March. April.

Mean Temperature in 1859-60 39-4 34-0 35-5 34-0 38-4 41-5

Average of the Six corresponding Months 39-5 38-8 37-4 38-2 39-8 43-2

Death-rate 0-5 years, 1859-60 . 107-8 114-4 1312 1552 131-2 130-4

Average, «Sjc. 111-5 113-9 122-7 121-9 113-9 107-5

Death-rate 5-20 years, 1859-60 23-6 23-2 27-4 28-3 26-9 26-8

Average, &c. 22-4 22-7 23-9 24-1 24-3 25-1

Death-rate 20-60 years, 1859-60 63-4 77-3 791 861 76-2 77-5

Average, &c. .... 61-9 67-8 72-8 670 70-2 67-9

Death-rate 60 &c. years, 1859-60 41-5 490 42-8 60-7 48-4 55-2

Average, &c. 41-3 435 45-9 440 41-5 42-1

May. June. July. Aug. Sept. Oct.

Mean Temperature in 1857 .... 49-8 57-4 580 60-0 56-1 49-6

Average, &c. 50-3 55'9 56-8 57-2 52-5 47-2

Death-rate 0-5 years, 1857 100-2 90-7 100-3 114-5 111-0 93 6

Average, &c. 97-2 91-3 96-1 89-1 92-2 96-2

Death-rate 5-20 years, 1857 22-6 25-1 209 19-4 191 22-9

Average, &c. 23-8 23-3 22-5 197 20-3 21-5

Death-rate 20-60 years, 1857 61-0 63-4 56-6 59-3 51-3 57-4

Average, &c. 63-2 59-2 54-7 51-7 48-6 51-0

Death-rate 60 &c. years, 1857 35-3 34-1 32-8 31-0 30-0 34-0

Average, &c. 35-2 34-9 31-2 28-7 26-7 28-8

From the foregoing table it would seem :

—

1. That a protracted low temperature in winter largely increases the death-

rate amongst children under five years of age; and that the death-rate rises

almost immediately upon the fall of the thermometer, and falls again so soon as

the temperature begins to rise.
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2. That a continued low temperature perceptibly increases the death-rate

amongst those between five and twenty years of age, though to a much less

extent than in infancy ; and the mortality curve does not rise so suddenly upon

the fall in the curve of temperature.

3. That continued cold also raises the death-rate amongst adults, more per-

ceptibly than in youth, but less than in infancy.

4. That in old age continued cold is prejudicial, but the death-rate does not

rise so suddenly as either in infancy or in adult life.

5. It would appear from the foregoing remarks, that severe winter weather

induces acute inflammatory diseases in infancy and adult life, rapidly cutting oft'

its victims ; that it increases the death-rate of the aged by aggravating chronic

diseases ; and that it probably cuts off" only those in youth who are previously

debilitated by some exhausting disease, as phthisis.

6. That a high temperature in summer, especially if long sustained, increases

infantile mortality.

7. That such high summer temperature scarcely affects the death-rate in

youth.

8. That it slightly increases the mortality in adult life.

9. And that it also slightly increases the death-rate of the aged.

10. That care ought to be taken to avoid exposure to the direct influence of

the weather when the mean temperature sinks below 39° in winter, or rises above

57° in summer.

III.

—

General Resume.

In the foregoing investigations I have employed as the standards of reference

either the means of the six corresponding months, or the means afforded by the

six years. In many instances I have drawn my conclusions from the com-

parison of two extreme years, factitiously constructed out of the whole term of

seventy-two months. I have been urged to such modes of investigation for the

sake of conciseness, having had to treat of a comprehensive subject within too

narrow limits. In conclusion let me place the data before the Society in one

other form, which will serve both as a check upon the previous inductions, and

also as a resume of the entire subject.

I shall employ as the standards of reference, in this instance, the means of the

six corresponding seasons, and compare with them the major and minor readings,

respectively, of the eighteen months comprised in the several periods from which

the means are derived. It is unnecessary, or, at least, would occupy too much

space, to repeat the minor meteorological details; I shall therefore restrict the

present inquiry to the influence of mean temperature, the mean height of the

barometer, and the humidity as represented by the rainfall in inches.
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Besume : On the Influence of Mean Temperature.

Average monthly mean temperature of the six -winters (Dec, Jan., Feb.), . 38°-l

,, ,, „ springs (March, April, May), 44°-4

„ ,, ,,
summers (June, July, Aug.), 56°'6

„ „ ,, autumns (Sept., Oct., Nov.), 46°*4

In the following table the upper lines represent the average mortality of the

months whose mean thermometric readings are severally above the standard of

reference, whilst the lower lines represent the average mortality of the months

with thermometric readings below the standard :

—

At all Ages feom Feom all Cabses at

AU
Causes.

Zymotic

Diseases.
Phthisis. Bronchitis.

0-5

Years.

6-20

Years.

20-60

Years.

60, &c.

Years.

Average mortality of ten winter months, with a )

mean temperature above 38°-l, .... J

Average mortality of eight winter months, with 1

a mean temperature &eZow 38°-
1, . . . . j

Average mortality of eigJit spring months, with )

a mean temperature above 44°"4, .... J

Average mortality of ten spring months, with a 1

mean temperatm-e below 44°-4,
j

Average mortality of eleveyi summer months, 1

with a mean temperature above 56°-6, . . J

Average mortality of seven summer montlis, 1

with a mean temperature 6eZow 56°-6, . . J

Average mortality of nine autumn months, with )

a mean temperature above 46°-4, . . . . j

Average mortality of nme autumn months, with )

a mean temperature below 46°-4, .... J

245-51

271-11

223-81

248-35

201-40

199-97

190-22

225-14

63-90

64-12

45-41

54-44

49 09

45-29

54-56

65-11

29-25

31-74

34-17

35-46

29-43

30-77

23-10

25-47

25-49

33 69

19-09

23-74

9-70

13-19

11-32

18-47

116-60

123-17

99-48

111-58

94-73

88-36

92-28

107-61

23-23

24-04

24-25

24 53

20-96

23-19

2006

22-77

64-71

74-64

63-41

7002

54-57

56-20

49-60

58-11

41-10

48-76

36-72

42-01

31-13

32-37

28-12

36-40

The foregoing table

—

1. Corroborates the suggestion previously made, that the relationship between

mortality from all causes and mean temperature is inverse when the mean tem-

perature is below 50°, and direct when the temperature is higher. Probably the

bad effects of a high mean temperature are not perceptible until it has been

maintained for some time at or above 56°"6. In general terms, the relationship

between mean temperature and mortality from all causes is inverse in winter,

spring, and autumn, but direct in summer.

2. Seems to indicate a relationship between mean temperature and mortality

from zymotic diseases similar to that between mean temperature and death from

all causes ; namely, inverse in winter, spring, and autumn, but direct in summer.

The previous suggestion was, that the relationship was variable and uncertain.

3. Corroborates the suggestions previously made concerning the influence of

mean temperature upon the death-rate from Phthisis Pulmonalis ; namely, that

a low winter temperature increases the mortality from phthisis, but only to a

remarkable extent when the mean temperature is very low, and continuously so

;

and that a high summer temperature does not increase the fatality of phthisis.

VOL. XXIII. PART II. 5 B
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It may be stated, generally, that the relationship between mean temperature and

the death-rate from phthisis is slightly inverse all the year round.

4. Substantiates the previous statement that the relationship between mean

temperature and the death-rate from bronchitis is inverse all the year round, and

that such relationship is most distinct in winter.

5. Supports the previous statement, that the relationship between mean

temperature and mortality from all causes is inverse at all ages in winter, spring,

and autumn ; and that such relationship is most distinct in infancy, and least so

in youth. It also corroborates the statement that a high mean summer tempera-

ture increases infantile mortality ; but it is opposed to the suggestion that a high

mean summer temperature also increases the death-rate from all causes at other

periods of life.

Besum4 : On the Influence of the 3Iean Barometric Pressure

Average montlily mean height of barometer of the six -winters, ...
„ „ .,,

springs, . . .

,, ,, „ summers, .

„ „ „ autumns, .

29-829

29-847
29-861

29-837

In the following table, the upper lines represent the average mortality of the

months whose mean barometric readings are severally above the standards of re-

ference, whilst the lower lines represent the average mortality of the months with

barometric readings belom the standard

At all Ages from From all Causes at

AU
Causes.

ZjTnotic

Diseases.
Phthisis. Bronchitis.

0-5

Tears.

5-20

Tears.

20-60

Tears.

CO, &c.

Tears.

Average mortality of nine winter months, with )

mean height of barometer above 29-829, . J

Average mortality of nine -winter months, with 1

mean height of barometer ftfitotw 29-829, . >

Average mortality of eight spring months, -with
'

mean height of barometer a6ove 29-847,

Average mortality of ten spring months, with )

mean height of barometer below 29-847, . J

Average mortality of ten summer months, with
'

mean height of barometer a&OTC 29-861,

Average mortality oi eight summer months, with )

mean height of barometer fteZow 29 861, . j

Average mortality oieleven autumn months, with

mean height of barometer above 29-837,

Average mortality oi seven autumn months, with >

mean height of barometer below 29-837, . /

254-26

259-52

235-85

238-72

202-97

198-19

214-57

196-86

5800

70-00

47-12

53-00

49-44

45-41

61-64

57-00

31-69

29-02

34-68

35-06

29-30

32-01

24-97

23-20

29-51

28-76

22-24

21-22

10-30

11-99

15-93

13-27

116-91

122-15

104-30

107-72

95-50

88-06

105-06

91-90

22-68

24-50

24-64

24-22

21-30

22-50

21-65

21-04

68-92

69-55

67-06

67-10

54-76

55-76

55-08

51-91

45-67

43-35

39-89

39-46

31-39

31-90

!

32-70

31-57

The foregoing table

—

1. Corroborates the previous suggestions, that over the whole year the rela-

tionship between the mean height of the barometer and the death-rate from all

causes is inverse ; that the relationship is hiverse in winter and spring, and that

it is direct in autumn ; but it opposes the suggestion of an inverse relationship in

summer.
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2. Substantiates the suggestion, that the relationship between the mean height

of the barometer and the death-rate from zymotic diseases is inverse in the colder,

but direct in the warmer seasons.

3. Confirms the statement, that there is no constant relationship observable

between the mean monthly height of the barometer and the death-rate from

phthisis, the results both of the two colder and of the two warmer seasons being

opposed to one another.

4. Suggests a direct relationship between the mean height of the barometer

and the death-rate from bronchitis in winter, spring, and autumn ; but an inverse

relationship in summer,—a suggestion which, although not without conflict, is

supported by the results previously obtained.

5. Shows that the influence of barometric pressure upon the death-rate from

all causes varies with age. In infancy the relationship between the mean height

of the barometer and the death-rate from all causes is probably inverse in winter

and spring, but direct in summer and autumn : in youth the relationship is in-

constant ; in adult life it is also uncertain ; in old age it is possibly nearly the

opposite of that which obtains in infancy.

Resume : On the Influence of Brought and Humidity.

Average monthly rainfall of the six winters, 3-33 inches.

» „ ,.
springs, 2-58 „

„ „ ,, summers, 3-17 „

„ „ „ autumns, 3-67 „

In the following table the upper lines represent the average mortality of the

months whose mean rainfall is severally ahove the standard of reference, whilst

the lower lines represent the average mortality of the months with a rainfall be-

low the standard :

—

Average mortality of nine, winter montlis, with 1

a rainfall above, 3 "33 inches, J
Average mortality of nine, winter months, with 1

a rainfall hdow 3 "33 inches,
J

Average mortality of nine, sprmg months, with l

a rainfall ohove 258 inches,
j

Average mortality of nine, spring months, with i

a rainfall helow 258 inches,
j

Average mortality of eight summer months,

)

with a rainfall ahove, 3"17 inches, . . . . /
Average mortality of ten summer months, with \

a rainfall helow 3'17 mches,
j

Average mortality of seven autumn months,

)

with a rainfall above 3-67 inches, . . .
j

Average mortality of eleven autumn months,

)

with a rainfall helow 3-67 inches, . . . )

At all Ages from

AH
Causes.

Zymotic

Diseases.

257-06

256-72

239-29

235-60

198-60

202-65

205-53

209-05

69-44

58-55

52-80

48-00

45-12

49-60

60-30

59-55

Phthisis.

29-20

31-52

34-33

35-44

30-24

29-72

23-36

24-88

Bronchitis.

27-48

30-80

22-24

21-10

13-42

9-15

15-27

14-66

Fkom all Causes at

0-5

Years.

120-37

118-68

108-97

103-43

88-55

95-11

100-13

99-83

5-20

Years,

24-12

23-06

24-42

24-40

22-84

21-02

20-77

21-82

20-60

Years.

69-21

69-26

6618

67-99

55-61

54-88

52-90

54-45

60, <fea

Years-

43-66

45-36

39-42

39-88

31-51

31-69

31-47

32-76
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The foregoing table

—

1. Suggests a direct relationship between the rainfall and the death-rate from

all causes in winter and spring; but an inverse relationship in summer and

autumn,—a suggestion which the previous results tend to support.

2. Suggests a direct relationship between the rainfall and the death-rate from

zymotic diseases in winter, spring, and autumn ; but an inverse relationship in

summer. This suggestion also is nearly supported by the previous results.

8. Shows that there is a slight indication of an inverse relationship between

the rainfall and mortality from phthisis in winter, spring, and autumn ; but of a

direct relationship in summer. These indications, however, are not very distinct,

and are not well substantiated by the previous results.

4. Indicates a direct relationship between the death-rate from bronchitis and

the rainfall in spring, summer, and autumn ; but an inverse relationship in

winter. This is not distinctly observable in the previous results ; and probably

the note appended to the fifth suggestion, under bronchitis, is the true explanation

of the inconstancy of the relationship,

5. Shows that the influence of the rainfall upon the death-rate from all causes

varies with the periods of life. In infancy the relationship appears to be direct

in winter and spring, doubtful in autumn, and inverse in summer. At other

periods of life the relationship is scarcely perceptible.

Here I must close my paper. I offer it as a slight contribution to medical

climatology, and I trust there will be found in it something worthy of the con-

sideration of those who take an interest in that still very obscure science. The

interpretations that I have given of the facts at my disposal are such as I think

they will bear without straining ; but I place both facts and comments before the

Society, so that any one who is interested in the matter may judge for himself
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TABLE Bi Representing the Meteorology and the Death-rate (from all and several Causes
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5-0

45
31-4

27
11-7

11-1

100-2

22-6

61-0

35-3

May.
49-5

56-9

42-1

54-7
14-8

29-823
1-339

16
2-81

81
2-5

3-0
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18
7-8

6-6

105-0

16-8

470
30-2

Sept.

561
62-5

49-7

47-9

12-8

29-882

1-101

15
3-82

87
1-5

3-5

3-5

2-0

3-5

6-0

5-5

1-5

3-0

1-38

210-8

204
72

8-9

6Q
25-9

37
23-8

13
5-4

5-4

111-0

19-1

51-3

30-0

Sept.

54-5

61-8

47-2

55-0

14-6

29-898

0997
14
2-80

84
0-5

0-5

2-0

2-5

2-5

10-0

7-0

2-5

2-5

1-68

194-6

186
61

7-3

11-3

11-8

36
22-5

21

101
88

105-4

19-7

46-6

22-4

Oct.

49-6

55-3

43-9

470
11-4

29803
1-246

16
2-36

90
1-5

3-0

3-5

3-5

3-0

7-0

60
1-5

2-0

1-29

208-0

198
62

13-0

8-2

14-0

35
24-0

18
8-6

5-6

93-6

22-9

57-4

34-0

Oct.

449
51-0

39-2

32-9

12-4

29-892

1-687

18
4-72

87
2-2

2-8

2-1

12
1-5

7-5

7-0

4-0

2-7

1-90

205-3

193
59

7-2

17-5

5-2

33
22-2

29
12-1

12-9

111-1

19-7

47-9

26-0

Nov.

43-7

48-3

39-2

50-0
9-1

30-115
1-719

12
2-89

90
2-5

3-5

4-5

3-5

2-0

5-0

30
2-5

3-5

1-10

231-3

220
55

13-8

6-9

6-0

40
27-0

34
18-2

8-8

101-4

20-1

61-9

47-7

Nov.
39-4
44-4

34-4

33-3

9-7

29-956
1-872

10
2-38

89
31
2-6

4-3

3-9

2-4

3-1

4-0

2-6

3-5

1-09

266-1

253
76

6-9

29-6

4-8

39
28-8

52
29-2

14-5

1313
27-8

60-8

430

Dec.

44-9

49-2

40-7

38-0
8-5

29-989
1-338

14

337
88
0-5

0-0

00
1-0

3-0

15-0
8-0

2-0

1-5

2-32

215-7

205
43

12-0

4-4

5-0

40
28-4

35
164
11-3

940
194
59-4

44-0

Dec.

39-9

440
35-7

25-2

83
29-703
1-297

17
400
90
0-8

0-4

1-2

41
4-8

8-9

6-4

1-9

2-2

1-80

250-0

238
77

7-9

26-6

2-8

40
29-3

39
21-4

11-5

122-3

27-9

62-4

36-8

Mean temperature,
Mean of the highest temperatures,
Mean of the lovrest temperatures,
Monthly range of temperature, ..

Mean daily range of temperature.
Mean ht.ofbarom.: sea-level&32°,
Monthly range of barometer, ...

Number of rainy days,

Rain in inches,

Humidity (Sat. = 100),

o
i

p
/

CO

S3

N.
N.E.
E.
S.E.

S.

s.w.
w.
N.W.
C.orV.

Force of wind in lbs..

Deaths from all causes (all ages),

Do. from all specified causes,

Do. from zymotic diseases, ,

Do. from typhus, ,

Do. from scarlatina,

Do. from diarrhoea,

Do. from tubercular diseases

Do. from phthisis pulmonalis, ,

Do. from diseases of resp. organs,

Do. from bronchitis,

Do. from pneumonia, ;

Do . at 0-5 years of age,

Do. at 5-20 do
Do. at 20-60 do
Do. at 60, &c. do. ,

Mean temperature,

Mean of the highest temperatures,
Mean of the lowest temperatures,

i\Ionthly range of temperature, ...

Mean daily range of temperature,
Mean ht. of barom. : sea-level& 32°,

Monthly range of barometer, ...

Number of rainy days,

Amount of rain in inches,

Humidity (Sat. = 100),

«
CO

.g

/ ^

N. \

N.E.
E.

S.E.
S.

S.W.
w.
N.W.

C. or V,

Force of wind in lbs.

Deaths from all causes (all ages).

Do. from all specified causes, ,

Do. from zymotic diseases,

Do. from typhus,

Do. from scarlatina,

Do. from diarrhoea,

Do. from tubercular diseases,

Do. from phthisis pulmonalis,

Do. from diseases of resp. organs,

Do. from bronchitis,

Do. from pneumonia,
Do. at 0-5 years of age,

Do. at 5-20 do.

Do. at 20-60 do.

Do. at 60, &c. do.

Jan.

39-6

44-4

34-8

27-1

96
29-864

1-855

17
4-21

87
1-0

0-0

0-0

1-0

3-0

11-0

100
4-0

1-0

2-95

243-4

235
79

8-6

20-4

3-1

38
26-8

32
17-6

9-9

125-8

22-7

60-7

35-6

Jan.

35-5

396
31-4

28-5

8-1

29-529

1-810

18
4-56

89
30
30
3-0

4-0

40
50
4-0

3-0

20
1-78

280-8

273
72

108
16-3

3-4

45
31-3

59
360
14-0

131-2

27-4

79-1

42-8

Feb.

40-5

45-4

35-5

290
98

29-709
1-375

17
3-38

88
1-0

00
1-0

2-0

30
8-0

8-0

30
2-0

2-67

246-9

238
69

8-3

15-0

3-8

42
30-2

38
19-8

11-4

120-2

25-4

61-2

40-3

Feb.

340
392
28-6

35
10-7

29932
2 079
13
2-69

85
5-0

2-0

1-0

1-0

2-0

40
60
60
1-0

2-33

330-6

323
66

104
10-5

8-6

55
40-4

96
62-0

21-6

1.55-2

28-3

86-1

60 7

March.

430
48-5

37-6
33-2

10-9

29-70
1-270

11
4-18

85
2-0

1-0

1-0

1-0

2-0

8-0

100
5-0

1-0

319
232-0

224
57

8-8-

11-2

3-3

44
31-6

27
14-8

7-1

108-4

21-6

66-3

36-0

March.
38-4

44-0

32-5

27-0
11-5

29-639
1-931

19
3-52

86
3-0

2-0

1-0

2-0

3-0

60
80
50
1-0

1-95

283-2

276
57

9-2

7-7

25
52

39-1

63
41-2

150
131-2

26 9
76-2

48-4

April.

41-3

48-7

35-2

390
13-5

29-751

1-289

15
3-20

80
40
3-0

5-0

20
1-0

3-0

40
5-0

3-0

233
222-7

213
50

7-5

7-0

2-5

47
33-8

26
13-3
8-4

970
23-5

62-0

38-0

April.

41-5

48-9

34-0

32-2

14-9

29-978
1-860

10
1-18

82
40
4-0

5-0

3-0

2-0

30
3-0

30
2-0

155
290-2

284
57

8-4

50
3-7

51
381
66

43-9

133
130-4

26-8

77-5

55-2

May.

51-9

61-7

42-1

42-4

19-7

30-046
0-498

4
0-29

73
2-0

3-0

6-0

5-0

4-0

4-0

2-0

1-0

4-0

0-84

193-5

187
45

8-8

5-3

1-1

43
31-9

22
100
74
831
23 4
.56-8

30-5

May.
50-2

57-7

42-6

35-5

15-0

29-831

1-228

15
2-18

81
1-0

20
50
4-0

4-0

5-0

6-0

2-0

2-0

1-42

2400
236
45

8-1

5-8

34
53

39-5

41

26 8
10-9

103-5

23-3

70-3
42-9

June.

56-65
64-7

48-6

35-3

16-1

29934
0-653

11
2-04

78
2-0

4-0

50
30
20
4-0

5-0

3-0

2-0

1-66

188-6

184
41

6-7

5-2

4-0

43
31-0

18
6-8

7-6

76 9
21-8

560
34-3

June.

530
59-7

46-5

27-5

13-3

29-674
1-102

18
4-34

85
2-0

3-0

6-0

5-0

4-0

4-0

3-0

2-0

1-0

1-28

219-1

214
48

6-0

6-3

2-4

49
37-1

30
17-2

8-9

911
25-0

633
39-5

July.

59-0

66-2

51-9

32-4

14-3

30-050
1-083

14
2-76

81
1-0

2-0

4-0

20
20
7-0

8-0

2-0

3-0

1-44

181-3

175
43

5-8

61
7-2

42
29-6

13
6-0

5-9

84-6

18-9

48-9

29-1

July.

57-3

64-5

50-1

30-9

14-5

29-988

0745
11
1-82

83
3-0

2-0

4-0

30
3-0

3-0

6-0

4-0

30
0-87

214-8

210
51

5-0

7-2

6-4

45
313
27

14-2

8-9

101-8

24-7

.58-4

29-9

Auf

57-P

65-2

50-4

30-7

147
29-8

11
14

2-2

80
0-0

0-C

1-Oi

1-C

5-C

lo-i:

9-C

2-C(

2-C

1-5

178

17
4-

5-8

7-e

8-3

3f
25-3

1£

5-£

5-e

82
20'

49
27'

Au(|
54-(

60-«

48-(

27-:

12-i

29-.'l

\{

3-^

2-(

l-(

3-(

3-(

2-(

5-(

8-(

4-1

1-

191'

19

4

4-i

9-i

e;

4

29-'i

V-

9-:t

86-'

I

22-

i

53'
29'



AND FROM ALL CAUSES AT SEVERAL Ages), IN THE CONSECUTIVE ORDER OF THE MoNTHS IN EACH YeaR.

Dec.

34-0

38-3

29-7

35-5

8-7

29-651

1-853

15
3-66

88
4-0

2-0

2-0

3-0

30
60
4-0

4-0

3-0

1-67

263-4

259
69

8-5

181
2-6

42
31-7

51
28-8

121
114-4

23-2

77-3

49-0

Dec.

341
37-9

30-0
40-8

8-1

29-709
1-426

17
3-91

90
40
3-0

40
7-0

30
2-0

2-0

3-0

3-0

1-37

257-7

250
71

7-9

20-0
2-4

40
29-2

49
260
12-8

121-3

22-6

711
42-6

1

/

Jan. Feb. March. April. May. June. July. Aug. Sept. Oct. Nov. Dec.

36-3 39-5 41-1 45-4 49-1 57-2 56-8 57-4 53-7 49-5 38-5 38-0
40-4 44-1 46-9 52-4 56-9 64-0 63-6 62-8 59-2 55-4 43-9 42-8
32-9 34-9 35-5 38-3 41-3 50-4 50-0 51-9 48-2 43-7 33-0 33-3
37-4 29-7 24-2 34-0 390 32-3 27-6 25-1 27-7 30-9 33-4 30-6
8-2 9-3 11-4 141 15-6 13-6 13-6 11-0 11-0 11-6 10-9 9-5

30-038 29-681 29-507 30-177 30-070 29-961 29-619 29-774 29-723 29-936 29-544 30-020

1026 1-670 1-430 0-734 0-937 0-694 0-777 0-797 1-172 1-201 1-295 1-459

14 15 22 9 14 13 20 22 19 14 19 13
3-09 3-32 5-10 1-04 1-57 2-35 3-94 6-44 5-27 3-34 6-63 2-98

90 88 86 83 80 84 84 86 88 90 87 90
2-0 2-0 1-0 3-0 4-0 3-0 1-0 1-0 3-0 1-0 4-0 3-0

1-0 2-0 1-0 3-0 3-0 4-0 2-0 0-0 1-0 1-0 3-0 2-0

3 2-0 10 5-0 3-0 7-0 3-0 1-0 2-0 2-0 2-0 1-0

3-0 40 2-0 3-0 1-0 4-0 3-0 1-0 3-0 4-0 1-0 2-0

4-0 4-0 3-0 2-0 1-0 3-0 4-0 4-0 4-0 6-0 2-0 3-0

8-0 7-0 8-0 3-0 6-0 3-0 7-0 10-0 6-0 8-0 7-0 7-0

5-0 4-0 9 4-0 7-0 3-0 7-0 100 6-0 5-0 6-0 60
)1859 1861 2-0 2-0 5-0 4-0 4-0 2-0 2-0 3-0 3-0 10 3-0 30

3-0 10 10 3-0 2-0 2-0 2-0 1-0 2-0 3-0 2-0 4-0

1-33 2-22 2-64 1-13 1-18 0-88 1-41 1-92 1-38 1-28 2-36 1-20

p
m 304-1 228-1 220-2 223-5 225-4 196-4 204-4 173-1 165-0 173-1 224-5 241-4

O 298 223 215 219 218 191 200 170 162 170 220 237
o

rt 67 54 48 40 46 40 47 38 36 42 54 52
O ^ 7-8 7-7 8-4 7-4 11-4 8-2 6-0 6-6 5-7 6-9 10-9 9-2
§; 14-5 7-0 61 4-4 2-6 2-4 3-6 2-8 3-4 6-2 7-7 5-8

i 1 2-9 2-7 1-8 2-5 2-7 3-3 6-5 5-6 5-2 50 2-9 2-9
oo 45 40 47 53 47 41 45 39 31 31 36 35o
o 34-8 26-7 35-3 36-6 34-6 29-8 30-7 26-8 21-4 22-0 25-3 25-4

o
o '^ 73 45 37 37 36 28 22 17 18 24 42 56

p. 46-8 29-4 23-1 22-7 22-1 13-2 11-5 10-4 11-2 16-1 28-8 35-1
5"

£ 13-5 10-2 9-3 9-7 9-6 7-0 7-2 3-6 5-5 5-2 8-5 11-4

^
c3

125 111-2 102-4 96-9 102-2 90-5 95-3 72-5 74-2 78-7 101-7 107-5

£ o 25-9 21-5 24-0 26-3 25-1 21-4 22-9 19-3 16-8 17-8 17-7 19-7

t> o 88-6 59-8 60-2 62-8 65-3 cl-9 53-2 54-3 45-0 48-7 60-2 69-8

63-6 35-2 33-4 37-9 32-7 32-7 32-8 27-0 28-6 27-5 44-6 44-1

Jan. Feb. March. April. May. June. July. Aug. Sept. Oct. Nov. Dec.

/
38-4 40-1 37-8 44-6 51-1 52-4 53-8 56-0 53-4 47-1 37-1 41-8

42-0 44-4 42-5 51-5 58-1 58-7 60-4 62-3 60-3 53-4 42 6 46-2

34-8 35-8 33-2 37-8 44-0 46-0 47-3 49-7 46-4 40-7 31-6 37-4

21-7 31-2 34-8 39-7 31-2 27-3 26-2 26-4 32-9 32-8 33-3 22-7

71 8-6 9-3 13-7 14-1 12-6 13-1 12-6 14-1 12-7 11-0 8-7

29-686 30-052 29-698 29-881 29-810 29-733 29-735 29-885 29-979 29-620 29-897 29-767
1-451 1-402 1-322 1-204 0-845 1-074 0-790 0-944 0-993 1-872 1-513 1-204

21 11 16 14 16 20 22 16 13 10 19 21
5-32 1-88 3-63 2-99 3-89 3-99 3-87 3-35 2-44 2-41 6-32 5-20

90 89 88 83 84 83 83 87 88 88 90 89
2-0 20 30 3-0 1-0 3-0 1-0 2-0 1-0 2-0 1-0 1-0

10 2-0 60 2-0 2-0 1-0 1-0 2-0 2-0 1-0 00 0-0

2-0 4-0 90 2-0 3-0 2-0 2-0 3-0 3 2-0 1-0 1-0

50 6-0 4-0 30 4-0 2-0 2-0 3-0 4-0 4-0 3-0 3-0

5-0 3-0 2-0 4-0 5-0 3-0 3-0 3-0 3-0 4-0 3-0 3-0

60 3-0 3-0 7-0 6-0 6-0 7-0 7-0 6-0 6-0 9-0 9-0

50 4-0 2-0 5-0 6-0 7-0 9-0 5-0 5-0 4-0 9-0 9-0

. 1860 1862 3-0 2 10 3-0 2-0 5-0 5-0 2-0 2-0 3-0 3-0 4-0

2-0 2-0 1-0 1-0 2-0 1-0 10 4-0 4-0 4-0 2-0 1-0

1-68 1-36 1-36 1-57 1-27 1-67 1-76 0-82 0-92 0-80 2-07 2-15
w
p 296-6 2.51-3 256-7 250-0 228-4 215-0 192-3 168-4 195-9 204-4 234-7 259-0
5'

be
290-6 248-0 252-5 245-6 223-7 211-6 189-3 165-5 193-2 200-5 231-7 255-2

o
"5 69 60 58 50 46 39 45 36 47 59 69 76

O
"S 111 90 10-1 8-7 91 8-4 10-2 6-8 7-2 8-7 8-5 9-5

cr
to 5-4 5-8 4-7 2-8 2-8 1-7 2-0 2-6 3-0 4-0 7-0 5-8

tJ ;^ 3-3 3-4 4-0 2-8 4-0 2-8 3-8 3-9 6-0 5-8 3-4 4-1
"! o 45 50 48 50 50 52 39 35 39 34 33 37
I o 31-1 36-6 36-4 35-1 35-5 36-9 27-9 23-4 26-5 23-2 24-3 24-7

§ 68 44 48 45 34 32 26 21 22 29 46 52

<
ft 47-3 310 31-8 28-2 19-8 20-1 15-7 13-5 150 19-8 31-0 340

5"

era
J 9-8 6 9-0 10-1 8-9 7-1 5-5 5-2 5-0 5-1 7-9 10-5

p
OS

130-1 116-9 115-5 115-6 98-5 93-8 83-1 74-5 917 105-2 114-3 1240
p.

O 25-0 25-7 24-7 25-0 26-0 25-6 23-6 19-9 24-4 17-7 21-1 23-5

> o 84-5 68 72-1 65-5 67-6 62-4 53-4 47-0 53-0 48-8 62-4 67-2
Q
?> 1 ^V 57-1 40-9 44-8 44-5 36-0 33-5 32-3 27-1 26-9 31-3 37-1 44-7

Mean temperature
Mean of the highest temperatures,
Mean of the lowest temperatures,
Monthly range of temperature, ,,.

Mean daily range of temperature,
Mean ht. ofbarom. : sea-level& 32°,

Monthly range of barometer,
Number of rainy days (total),

Amount of rain in inches (total),..

Humidity (Sat. = 100),

Means of the several

Years.

1857.

o

CO
I

S3'

P

o

N.
N.E.
E.
S.E.

S.

s.w.
w.
N.W.
C.orV.

Force of wind in lbs.,

Deaths from all causes (all ages),

Do. from all specified causes,

Do. from zymotic diseases,

Do. from typhus,

Do. from scarlatina,

Do. from diarrhoea,

Do, from tubercular diseases

Do. from phthisis pulmonalis,

Do. from diseases of resp. organs.

Do. from bronchitis,

Do. from pneumonia,
Do. at 0-5 years of age,

Do. at 5-20 do

Do. at 20-60 do
Do. at 60, &c. do.

Mean temperature, ,

Mean of the highest temperatures.

Mean of the lowest temperatures,

Monthly range of temperature, ...

Mean daily range of temperature.

Mean ht. ofbarom. : sea-level& 32°,

Monthly range of barometer,
Number of rainy days (total),

Amount of rain in inches (total),...

Humidity (Sat. = 100),

a

a.

N. \

N.E.
E.

S.E.
S.

s.w.
w.

N.V^.
C.orV.

Force of wind in lbs.,

Deaths from all causes (all ages),

Do. from all specified causes,

Do. from zymotic diseases,

Do. from typhus,

Do. from scarlatina,

Do. from diarrhoea,

Do. from tubercular diseases,

Do. from phthisis pulmonalis,

Do. from diseases of resp. organs

Do. from bronchitis,

Do. from pneumonia,
Do. at 0-5 years of age,

Do. at 5-20 do

Do. at 20-60 do

Do. at 60, &c. do

48-0
53-9

42-1

49-8

11-8

29-893
1-236

163
30-56
85-6

20-3

31-5

47-0

34-5

35-5

81-5

63-5

24-0

28-0

1-52

227-5

217-8

59-5

10-7

8-6

9-2

42-5

29-4

26-2

12-4

8-5

106-4
22-1

61-2

37-8

1858.

46-6

53-0

40-2

45-8

12-8

29-916
1-294

161
33-91

83-8

22-1

21-3

30-6

36-7

31-2

80-5

68-9

40-5

32-4

1-56

225-5

213-3

55-5

8-6

9-5

6-1
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—

On the Anatomical Type of Structure of the Human Umhilical Cord and

Placenta. By J. Y. Simpson, M.D., Professor of Medicine and Midwifery in

the University of Edinburgh.

(Read 6th April 1863.)

In the construction of the animal kingdom, Nature sliows herself always

provident and saving, both in the amount of organic matter which she uses, and

in the complexity of the organic structures which she moulds out of that matter.

She never employs any superfluous quantity of material, nor any superfluous

quality of mechanism. If a low type of structure in an organ is sufficient for

the due performance of the given function of that organ, she never resorts to a

higher or more complex t3^pe. She does not build organs or animals with the

higher organic types of nerves, capillaries, lymphatics, &c., when these organs

or animals do not require for their function, or for their life, the special physio-

logical action of nerves, capillaries, or lymphatics. She expends no unnecessary

workmanship upon the vital machinery which she employs, nor does she ever

add to it any unnecessary pieces of organic apparatus.

The object of the present communication is to show, that in the human subject

we have, and that too upon a large scale, a striking and remarkable instance of

this great general law, though the example I allude to has never heretofore, as

far as I know, been presented in this light, by any of our manifold writers on

anatomy and physiology.

From an early period of utero-gestation in mammalia, the system of the

foetus is organically connected with the system of the mother by the interposi-

tion of the placenta and umbilical cord. The remarks which I wish to make

upon the type of structure of these interposing organs apply to these organs

themselves, as seen in all mammalia. The illustration of the observations which

I desire to offer, is much more perfect in some of the lower animals—such as the

cow, sheep, mare, cat, &c, which have the placenta fostalis quite distinct through-

out from the placenta maternalis—than it is in the human subject, where those

two parts are more intimately and organically conjoined. I shall content myself,

however, with drawing my evidence principally or entirely, at present, from

human anatomy.

The human mother and the human foetus may be looked upon as in them-

selves two of the most highly organised beings in existence. Yet during all the

latter period of utero-gestation, their two systems are organically tied and
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united together by structures of the lowest type of zoological organisation. That

the structures which connect the mother and child in utero, viz. the umbilical

cord and placenta, are of such a low type of organisation as I allude to, the fol-

lowing observations will tend to show.

Let us begin with the type of structure of the umbilical cord.

The rope-like formation constituting the funis uinbilicaUs is generally stated

to consist in the latter periods of pregnancy of the following component parts,

viz. :

—

1st, Of one umbilical vein.

2d, Of two umbilical arteries.

^d, Of cellular or areolar tissue surrounding these vascular tubes, and con-

taining in its meshes the so-called gelatine of Wharton ; and

Ath, Of a single enclosing sheath, formed by an extension of the amnion.

At an early period of pregnancy, other structures are included in the umbili-

cal cord, as the vitellary and allantoid ducts, and the omphalo-mesenteric vessels ;

but these are not connected with our inquiry, and nothing, at the most, but very

shrivelled remnants of them remain in the fully-developed cord.

In relation to the subject of our present inquiry, it is of more importance to

mark the interesting fact, that though by many of our greatest and best anatomists

the finest injections have been often thrown into the umbilical vessels, both

arteries and veins, no capillaries have ever thus, or otherwise, been traced in any

of the component tissues of these tubes. No vasa vasorum have ever been de-

tected in the walls or structures of the umbilical arteries or veins. On this point,

one of the latest and most careful anatomists who has written on the " Forma-

tion and Circulation of the Human Placenta," viz.. Professor Schroeder Van

DER KoLK of Utrecht, observes as follows :
—" That the umbilical cord has no

smaller capillaries besides the large umbilical vessels, is universally accepted.

Whether this opinion be grounded on a careful examination, I know not ; but it

appeared to me sufficiently important to make it an object of particular inquiry.

By filling with sufficient force the umbilical vessels with very fine injection

matter, so that the vasa vasorum, if any be present, must also be filled, I saw,

after the cord was dried, moistened with turpentine, and examined under the

microscope, that nowhere was there a trace of any vasa vasorum, so that the

umbilical cord contains the only example of blood-vessels which receive no vasa

vasorum. After an examination for this very purpose, I could as little discover

them in umbilical cords in the third month of pregnancy as in others after

pregnancy had been perfect."

The statement that the umbilical cord contains in its structure no capillary

vessels, or even any vasa vasorum, requires to be qualified with one remark, viz.,

that the capillaries and vasa vasorum, which within the body of the foetus extend

along the umbilical vessels and abdominal walls up to the umbilical ring, or true
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foetal end of the cord, pass there onwards, according to the dissections and injec-

tions of ScHOTT and Van dee, Kolk, for two or three lines, but they do not stretch

for any further distance along the track of the cord itself. They exist, in other

words, in the short persistent end of the cord, which remains attached after birth

to the umbilicus, and which ultimately fills up the umbilical ring, but they are

not found in that great mass which forms the deciduous part of the cord, running

from the child to the placenta.

The same observation holds true, according to Schott and Valentin, regarding

the short extension of the terminal twigs of the nerves of the foetus, which pass

out of the body of the foetus along with the umbilical vessels through the umbilical

ring. Apparently, like the capillaries, they do not pass further than one or two

lines beyond that ring. Numerous attempts have been made to trace nerves in

the course of the umbilical cord, but no continuous line of nerve tissue has been

detected in its track. In former times, Chaussier and Baer fancied that they had

found nervous fibres running along it. Anatomists generally hold that these

supposed nerves were only the deceptive remains of the obliterated vitelline duct

or omphalo-mesenteric vessels. At all events, since the microscope has come to

add its great and necessary aid to this inquiry, the search has been diligently

renewed, but hitherto in vain. No nervous fibril, or continuation of fibrils, has

been detected by it in this structure.

Several years ago, my nephew, Dr Alexander Simpson, when writing his

Thesis on the Umbilical Cord, set himself assiduously, with the scalpel and

microscope, to the investigation of this question of the presence or absence of

nerves in the cord. These investigations were kindly overlooked by Professor

GooDsiR. The result was, that not a trace of a nervous fibril could be detected

in this structure.

In some observations which I published twelve years ago, on the Contractility

of the Umbilical Vessels, I attempted to show that we could generally, after the

child is born, produce in the umbilical arteries and veins, by the local appli-

cation of mechanical, chemical, or electrical stimulants, local contractions, which

did not again relax. But this form of contractility does not prove, I believe,

that nervous fibres exist in the walls of the umbilical arteries and veins ; for

such local phenomena of contractility occur in the lower animals, where no

nerve fibres have been found to exist, as in the Actinia, Medusa, &c. Let me
add, that one great exceptional peculiarit}^ in the low type of structure of the

umbilical cord is the presence of strong and well-marked contractile muscular

fibres in the walls of its vessels, though these fibres are totally unprovided with

nerves.

Lymphatics have been alleged to exist in the cord by various authors, as

Wrisberg, Schrceger, and Michaelis, and especially by Fohman. The umbilical

lymphatics were supposed by Fohman to be capable of being injected by quick-
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silver ; and plates of their appearance, when thus injected, were published by him.

But it is now, I believe, universally allowed that these mercurial injections were

thrown into the areolae of the cellular tissue of the cord, and not into lymphatic

vessels ; and I know of no anatomist of the present day who gives credit to the

existence of lymphatics in that structure.

What forms the proper volume of the cord, or, in other words, what forms

the material which surrounds the umbilical vessels, and fills up the serous-like

sheath of the cord, is usually spoken of as cellular tissue, containing in its

delicate meshes a hyaline substance of an albuminoid or mucoid nature, termed

the " Gelatine of Wharton." This cellular tissue closely resembles ordinary con-

nective tissue, and is composed of nucleated stellate cells or corpuscles.

The external covering of the cord consists of a serous-like blue membrane or

sheath, which, after covering the placenta, envelops the cord from the placenta

onwards to the umbilical ring, where, by an abrupt line of division, it meets the

white skin of the abdomen of the full-grown foetus. At birth, the contrast at

their line of union of the white opaque skin of the foetus with the blue semi-

transparent covering of the cord is very striking, and gives in itself the impression

of a human cutaneous surface connected organically with a structure of a low

zoological type.

The umbilical cord, as an organic medium of communication between the

foetus and mother, is merely as it were a sheath of sarcoid matter perforated

with three tubes for the transmission of the foetal blood to and from the placenta

;

but it contains apparently no lymphatics, no nerves, no capillaries, not even

vasa vasorum. It is skinless, and contained within a sheath of serous membrane.

It consists essentially of large nucleated cells formed partly into large and loose

cellular tissue containing the gelatine of Wharton, and developed partly into

tubal forms, constituting the so-called umbilical arteries and veins.

The same remarks which apply to the type of structure of the umbilical cord

apply to the type of structure of the placenta.

Into the maternal surface of the placenta no anatomist has hitherto traced the

passage of any nervous branches from the applied surface of the uterus, nor have

any nutrient arteries been as yet, at least, shown to pass from the uterus into

the maternal substance of the human placenta. But at all events, the foetal

portion, which remains throughout in some animals distinct from the maternal,

is assuredly of the same type of structure as the cord, with one or two points

of difference ; for, \st, it contains no gelatine of Wharton ; and, 2d, its vessels, both

arteries and veins, divide and sub-divide, till they reach the very small size in

which they appear in the terminal villi ; but still neither their coats nor the sur-

rounding tissue contain any capillaries or vasa vasorum, or lymphatics, or nerves.

The enveloping sheath or lining of the terminal villi contains a new arrange-

ment of tissue not seen in the umbilical cord or other parts of the placenta.
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For the duplicatures of veins and arteries contained in the terminal villi are

surrounded, as was first shown by Mr Goodsir in one of his admirable papers on

the placenta, by a thin layer of nucleated cells, probably, as he suggests, for the

functions of nutrition and respiration. This new layer of tissue is apparently

derived from the decidua or hypertrophied mucous membrane of the uterus, and,

along with the lining membrane of the maternal vascular system of the placental

blood-cells, constitutes the maternal portion of the human placenta ; but neither

nerves nor capillaries have been traced into these structures.

The mode or modes of nourishment and growth of a structure like the um-

bilical cord and placenta, presenting no capillaries nor vasa vasonim, constitutes

an interesting problem in physiology ; but my remarks are at present limited to

peculiarities in the mere anatomical type of these parts. These anatomical

peculiarities, to which I have attempted to draw the attention of the Society,

may in conclusion be summed up as follows :

—

1. The volume of the umbilical cord and foetal portion of the placenta is

formed of nucleated cellular tissue, traversed by the tubes of the umbilical

arteries and vein and their numerous placental subdivisions, and invested by a

sheath of serous membrane.

2. Into the composition of these parts, no capillaries, vasa vasorum, lym-

phatics, nor nerves, are found to enter.

3. Hence, in human anatomy, we have these organs, forming a large mass,

weighing on an average about two pounds, presenting a type of structure re-

sembling that of some of the inferior zoophytes. And,

4. The human mother and her child, two of the most highly organised beings

in existence, are thus temporarily united together, during the intra-uterine life of

the latter, by structures of the lowest zoological type.
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XXVII.— On Earth-Currents during Magnetic Calms, and their connection with

Magnetic Changes. By Bai-four Stewart, M.A., F.R.S.

(Read 6tli April 1863.)

I have already endeavoured*! to prove that Aurorse and Earth-currents, far

from producing magnetic disturbances by their direct action, are themselves only

secondary or induced currents, generated by those small but abrupt changes of

the earth's magnetism which constitute such disturbances. The proof of this

statement was in the first place derived in a general manner from the fact that

during the notable magnetic storm of August and September 1859, all the ele-

ments of the earth's magnetism at Kew remained for many hours on one side of

their normal positions, while, on the other hand, the earth-currents observed

during that time by Mr C. V. Walker had their direction reversed every two or

three minutes.*

In the next place it was shown that the earth-currents, which occurred simul-

taneously Avith a singularly abrupt and isolated disturbance, recorded by photo-

graphj^ at Kew, were of a character which would favour the induction hypo-

thesis rather than that of direct action.f

Professor W. Thomson has likewise found by calculation, that the electro-

motive force, induced by variations of terrestrial magnetism, is probably com-

parable in amount with that which manifests itself in earth-currents.

f

Since the publication of these views, Mr Walker has extended his inquiries,

and has communicated to the Royal Society of London an account of some earth-

currents which he had observed by the aid of a sensitive galvanometer during a

period of magnetic calm.]: It is these observations which I propose to discuss in

the present communication.

Mr Walker has been extremely careful in determining that all his ob-

served currents were in no sense atmospheric, but were true and proper earth-

currents, whatever may have been their cause. In order to accomplish this, he

had a telegraphic wire of 67 miles in length, connected with the earth at one of

its extremities, the other being insulated. On this wire he made many observa-

,
tions during various hours of different days, but always failed in obtaining a

current unless when both ends Avere connected with the earth.

* Phil. Trans, for 1861, p. 423. f Ibid, for 1862, p. 621. + Ibid, for 1862, p. 203.

VOL. xxin. PART n. 5 e



35(j MR BALFOUR STEWART OM EARTH-CURRENTS DURING MAGNETIC CALMS,

We are thus provided with a mass of apparently unexceptionable observa-

tions of earth- currents made during a period when the magnet was comparatively

tranquil, and the question arises, What connection have these with the daily

changes which take place in the magnetism of the earth ?

In attempting to answer this question, it is, I think, necessary to divide the

observations of earth-currents into two categories, for the following reason.

It has been shown by General Sabine, that magnetic disturbances obey laws

of time and place very different from those followed by the ordinary daily mag-

netic changes. Now, if we consider that such disturbances, more or less violent,

are of very frequent occurrence, we shall see at once the necessity, in magnetical

discussions, of separating the disturbed observations from the undisturbed, in

order to obtain accurately the laws of both.

Let us bear this in mind, and even without speculating on the connection

between earth-currents and magnetic changes, we cannot, I think, expect that a

magnetic disturbance of a certain definite type shall be connected in precisely the

same way with an earth-current, as an ordinary daily magnetic change of the

same type as the disturbance.

This will appear evident, if we reflect that although both changes may be of

the same kind here, yet, if we alter our position and go into another portion of

the globe, they may be quite different one from another, since a change of posi-

tion will affect the disturbance and the daily variation according to very different

laws.

On any hypothesis, therefore, the disposition over the earth's surface of that

current which is connected with the disturbance, will be different from that

which is connected with the ordinary daily change. For these reasons it would

appear to be highly necessary to ascertain which of the earth-currents correspond

in time of occurrence with disturbances of greater or less amount, and which with

undisturbed observations.

I have been enabled to ascertain this, at least approximately, by means of

the photographic records of the earth's magnetism at Kew. The portions of the

Kew declination and horizontal force curves, corresponding in time with the

observations of earth-currents, have been carefully inspected, and whenever any

appearance of disturbance presented itself, this has been noted by the side of the

corresponding earth-current observations, and these have by this means been

divided into the three following classes, viz. :

—

Class I. Obsei-vations during Magnetic Calms.

II. Observations during smaller Disturbances.

III. Observations during greater and more abrupt Disturbances.

These are recorded in the three following tables, Mr Walker's notation being

adopted :

—
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TABLE I.

—

Observations during Magnetic Calms.

Time.

Column 1. Column 2. Column 3.

Date.
Dover—London, u.* Tonbridge—London, u. Dover—Tonbridge, u.

London—Dover, d. London—Tonbridge, d. Tonbridge—Dover, d.

1861. o o o

October 1 9.31 A.M. 16 u 6 d 14 u
11.42 ... 15 u 35 d 30 u
2.20 P.M. 4 u 36 d ...

2.35 ... 3 u 28 d

2 2.15 ... 17 u 35 d 20 u

2.47 ...

3.20 ... 6 u 28 d 18 u

3 5.20 ... 19 d 3d 20 d

'
10.12 - 20 u 20 u

4 6.25 A.M. 33 d 3 u 45 d

12.24 P.M. 35 u 29 d 50 u

12.26 ... 40 u 55 u 50 u
4.50 ... 10 d 20 d 2 d 1

8 11.0 A.M. 20 d 10 d 31 d

9 6.20 ... 12 u 20 d 25 u
9.20 ... 35 d 25 u 35 d

10 6.58 ... 10 u 15 d 20 u

14 2.16 PM. 10 u 12 d lid
2.45 ... 5 u 25 d 15 u

.'. 15 11.34 A.M. 20 u 40 d 32 u
12.19 P.M. 18 u 16 d 25 u

2.30 ... 2 u 15 d 7u
3.25 ... 10 d 4u 15 d

7.16 ... 20 u&d 5 u 40 to 60 d
'.'.

17 10.52 A.M. 23 u 10 d 30 u

11.25 ... 20 u 25 d 38 u

11.43 ... 26 u 26 d 40 u

2.13 P.M. 20 u 18 d 35 u

3.41 ... 10 u 20 d 15 u

5.6 ... 10 d 15 d

.. 18 10.58 AM. 14 u 10 d 28 u

11.37 ... 24 u 10 d 34 u

12.30 P.M. 40 u 30 d 48 u

2.44 ... 22 u 18 d 34 u

3.39 ... 15 u 12 d 16 u

19 12.1 ... 12 u 40 d 45 u

.. 21 7.7 A.M. 5d 35 d

10.10 ... 28 d 15 u 32 d

1.42 PM. 50 u 10 d 50 u

2.56 ... 43 u 15 d 47 u

22 6 15 A.M. 5d 2u
7.15 ... 5d 25 d

23 7.0 ... 5d
1.45 P.M. 40 u 45 u

3.9 ... 45 u 50 u

.. 24 6.20 A.M. 7d 7u
7.5 ... 2u

26 12.19 PM. 10 u

1.10 ... 20 u 20 d 26 u

41 ... 5 d

* Dover—London, u, means that a stream of positive electricity is travelling (to us^ railway

inguage) up from Dover to London, and a similar rule applies to the other headings.
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TABLE I.—Continued.

Date. Time.

Column 1. Column 2. Column 3.

Dover— London, u. Tonbridge—London, u. Dover—Tonbridge, u.

London— Dover, d. London—Tonbridge, d Tonbridge— Dover, d.

1861. o o c

October 26 10.45 P.M. 10 d 10 d 10 d

... 28 10.20 ... 5d 10 d 10 d

10.50 ... 15 d 5 u 5 to 20 d
11.0 ... 20 d 5 to 15 u 20 d

29 12.10 a.m. 22 d 22 d 22 d
12.20 ... 10 d 15 d
12.30 ... 18 d 8 d 20 d
12.50 ... 10 d 7d 13 d
1.0 ... 10 d 5d 12 d

1.10 ... 15 d 6 d 20 d

1 20 ... 12d 8d 20 d
1.30 ... 18 d 6 d 20 d
1.40 ... 12 d 5d 19 d
1.50 ... 15 d 5d 21 d

2.10 ... 18 d 20 d

2.50 ... 5d 10 d
3.0 ... 15 d 10 d 15 d

3.10 ... 13 d 5d 19 d

3.20 ... 13 d 16 d
3.30 ... 15 d 20 d
3.40 ... 12 d ' 4d 5d
3.50 ... 10 d 12 d

'

4.0 ... 12 d 2d 19 d 1

4.10 ... 14 d 10 u 20 d
4.20 ... 10 d 5 u 20 d
4.30 ... 9d OtoSu 11 d

4.43 ... 10 d 0to5u 12 d

4.53 ... 10 d to 5 u 15 d
5.0 ... 8d Oto lOu 14 d

5.10 ... 8d 8 u 18 d

5.40 ... 4d to4 u 5 d

5.50 ... lOu 2d
6.0 ... 5 u to 5 d

6.10 ... to 5 u
6.20 ... 5 d

6.30 ...

7.30 ... 15 u 20 u

7.47 ... 15 u 15 u
3.13 P.M. 10 d 12 u 16d
3.29 ... 10 d 12 u 18 d

.'."
3C) 6.10 A.M. 10 u 10 d

6.30 ... 10 u 5d
6.41 ... 20 u 8d
7.42 ... 15 u 5d
9.20 ... 17 u ItolOd 20 u

'.'.'.

31[ 6.12 ... 10 d 10 u 20 d

6.30 ... 10 u

9.43 ... 18 u 8iitol2d 21 u
... > . 11.59 ... 14 u 42 d 38 u

6.54 P.M. Oto 15 u 4d
Nov. rJ 12.35 ... ... 10 u 28 u

2() 7.34 A.M.
1

25 d
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Date. Time.

Column 1. Column 2. Column 3.

Dover— London, u. Tonbridge—London, u. Dover—Tonbridge, u,

London—Dover, d. Londou—Tonbridge, d. Tonbridge—Dover, d.

1861. o

Nov. 20 7.37 A.M. 10 d
10.50 ... 8 u

21 7.7 ...

7.10 ...

9.35 ...

12.49 P.M.

5d
18 u

"6

... 22 7.1 A.M. ... 15 u

... 23 9.1 ... .

,

10 u ...

25 1.31 P.M.

1.34 ... 12 u
"'

27 6.17 A.M.

6.19 ...

...

16 u
... , . , 11.47 ... 10 d . . > 15 d

... 12.32 P.M. 5d 16 d

... ... 2.18 ... 17 d 3u 28 d

28 6.15 A.M.

6.17 ... 5 u
... 29 6.20 ...

6.24 ...

6.33 ...

5u
"sd

"5 d
30 6.21 ...

6.17 ...

5 d

10 u
10 d

Dec. 2 11.49 ... 23 u 8d 34 u
2.24 P.M. 15 u 22 u

3 6.13 A.M. ...
"6

18 d

6.24 ... 15 d 18d
4 6.15 ...

6.17 ...

5d
15 d

5 6.20 ...

6.24 ...

"6

12.34 P.M. 17 u ... 40 u
6 6.20 A.M. ...

... 13 6.40 ...

6.49 ...

10 u 10 u

10 u
'.. 14 6.30 ...

"5 d 15 d
6.35 ... 10 11 16 u 15 d

"; 17 6.17 ...

6.29 ...

6.30 ...

10 d
"5 d

10 d

10 d
18 6.18 ...

6.20 ...

15 d

10 d

10 d

21 6.18 ...

6.22 ... 28 d

10 u

... 26 6.25 ...

6.30 ...

6.34 ...

20 u

10 d

25 u

25 u

... 27 6.30 ...

6.34 ...

iou 10 d 15 u

28 6.17 ...

6.21 ...

"6

31 6.19 ... 25 d ... 30 d
6.23 ... ... ...
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TABLE II.

—

Observations during Smaller Disturbances.

Time.

Column 1. Column 2. Column 3.

Date.
Dover—London, u. Tonbridge—London, u. Dover—Tonbridge, u.

London— Dover, d. London—Tonbridge, d. Tonbridge— Dover, d.

186L o o ' o

October 2 9.34 A.M. 9 u 4d Uu 1

12.24 P.M. 23 u 26 d 42 u 1

3 7.2 A.M. 35 d > 5 d 20 d
11.44 ... 32 u 14 d 38 u

'.'.

8 12.56 P.M. 20 u 15 u 15u
1.47 ... 45 u 10 d 50x1

11 10.25 A.M. 30 u

12 7.8 ... 5 u 40 d 40 u
9.10 ... 20 d 20 u 40 d

14 11.59 ... 10 d 10 d lOd
12.52 P.M. 25 u 30 d 35 u

15 1 23 ... 8 u 30 d 20 u

16 6.37 A.M. 10 d 5u 35 d

7.44 ... 5d 35 u 35 d

12.18 P.M. 40 u 50 d 45 u
18 6.35 A.M. 30 d 35 d

7.17 ... 35 d 25 u 45 d

8.36 ... 35 d 30 u 32 d
12.57 P.M. 22 u 15 d 30 u ]

1.36 ... 20 u 25 d 40 u
19 7.12 A.M. 25 d 10 u 38 d

.. 21 1.24 P.M. 50 u 22 d I

. 2.21 ... 55 u 23 d 52 u
3.35 ... 46 u 22 d 50 u

.. 22 7.57 ... 5d 5d

.. 23 6.13 A.M. 5 u

7.31 ... 5d 10 u 30 d

24 7.47 ... 10 d 20 d 5 u
.. 25 6.14 ... 15 d 5 u 30 d

10.29 ... 40 d 10 u 33 d
11.10 ... 16 d 13 u 30 d

4.50 P.M. 20 u 20 d 30 u
9.25 ... 25 d 15 u 40 d

.. *26 6.10 a.m. 20 u 25 d 30 u

7.32 ... 20 d 35 u 20 d
1 7.44 ... 25 d 40 u 40 d

8.50 ... 5 d

10.54 ... 21 d 15 u 40 d

.. 12.57 P.M.

1.26 ... 8 u

9.45 ... 10 d
28 10.19 A.M. 20 d 8 u

10.35 ... 23 d 15 u 32 d
11.2 ... 5 d 24 d

11.18 ... 16 d 18 d 12 d

11.37 ... 20 d 10 u 35 d

12.57 P.M. 23 d 26 d

* The declination needle was on this occasion considerably to the west of its normal position.
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Date. Time.

Column 1. Column 2. Column 3.

Dover—London, u Tonbridge—London, u. Dover—Tonbridge, u.

London—Dover, d. London—Tonbridge, d. Tonbridge—Dover, d.

1861. o o o

Oct. 28 2.50 P.M. 10 d 3 u 14 d
10.10 ... 20 u 15 d 15 u
10.30 ... 5d 10 d 5 d

10.40 ... 5 u 25 d 20 u
11.10 ... 10 d 3 u
11.20 ... 15 u 18 d 20 u
11.30 ... 5 u ... 5 u
11.40 ... 36 d 42 u 52 d
11.50 ... 25 d 22 u 35 d

• • • 12.0 ... 18 d 20 d
.'.'. 29 12.40 A.M. 22 d 8 u 36 d

2.0 ... 18 d 10 u 13 d
• - • 2.20 ... 23 d 19 u 13 d

2.30 ... 18 d ... 20 d
2.40 ... 10 d 15 u 12 d

5.20 ... 4d OtolOu 5d
... • • • 5.30 ... to 15 u

6.40 ... 5 u 8u
6.50 ... 5 u 10 d 25 u
7.7 ... 10 u 7u 10 u

12.2 P.M. 8 u 40 d 28 u
12.25 ... 10 d

Nov. 15 12.34 ...

1.56 ...

... 18 d

24 d
...

16 10.53 A.iM. ... 50 d

.. 21 11.46 ... 10 d 6 u 20 d

... 23 6.22 ... ... 10 d

... 25 2.47 P.M. ... 5 u

3.23 ... 16 u ... 14 u

3.24 ... 23 u

... 26 6.34 A.M.

6.35 ...

... 10 d

35 u
3.24 P.M. 5 u • . 10 u

..". 27 2.38 ... 18 d • • . 26 d

29 1-13 ... . . > 17 d

Dec. 4 12-9 ... 20 u • . > 13 u
1.24 ... 34 u ... 40 u

1.29 ... 16 d ...

• • • 2-40 ... 20 u 16 u
6 6.39 A.M. . . . 5 u

7 6.20 ... 16 u 5 d 25 u
9 7.12 ...

7-16 ...

15 u 20 u

..'. 19 6.20 ...

6.21 ... iod
20 6.20 ... 25 d 5 u
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TABLE III.

—

Observations during Greater and more Abrupt Disturbances.

Date. Time.

Column 1. Column 2. Column 3. '

Dover—London, u.

London—Dover, d.

Tonbridge—London, u.

London—Tonbridge, d.

Dover— Tonbridge, u.

Tonbridge— Dover, d.

1861. o o o

Oct. 5 7.44 A.M. 35 d 50 d 45 d

8 3.12 P.M. 48 u 50 d 55 u

10 3.14 ... 30 u 50 d 50 u
* 10.0 ... 55 d 5 u 10 d

11 6.25 A.M. 55 u 50 d 55 u

9.6 ... 55 d 35 u 50 d

24 7.41 ... 20 d 20 u 20 u

7.54 ... 15 u 22 d 35 u

9.20 ... 45 d 25 u 50 d

9-37 ... 55 d 45 u 55 d

1
10.25 ... 30 d 15 u 43 d

11.24 ... 12 d 8 u

11.47 ... 13 d 25 u 38 d

12.29 P.M. 15 d

2.40 ... 22 u 65 u 15 u

2.44 ... 55 u 50 u 50 u

3.32 ... 55 u 13 d 55 u
4.23 ... 7u 35 u

5.3 ... •3d 32 u 40 d
..'. 25 6.42 A.M. 50 d 20 u 55 d

... 28 7.15 ... 15 u

12.13 P.M. 20 d 4 u 27 d

1.9 ... 30 d 14 u 40 d

Dec. 19 8.18 ... ... ... 55 d

With the exception of the two cases noted, the declination and horizontal

force needles were in no instance very far from their normal positions.

Let us now return to Table L, and endeavour by means of it to find the

normal values of the earth-currents for each of the three lines, corresponding to

the various hours of the day. And here it is necessary to remark that the

strength of the current is not strictly proportional to the angle of deflection noted

in the table, but rather to its tangent, which Mr Walker has kindly informed

me W'ill, in the case of his galvanometer, approximately represent the value of

the current. Taking therefore the tangents of the angles, and averaging the

results for each hour, we obtain the following tables, in which the sign + denotes

an up, and the sign - a down-current.

* The declination needle was on this occasion considerably to the east of its normal position.
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TABLE IV.

—

Hourly Means op the Earth-Cukrents observed on the London and Dover
Line during Magnetic Calms.

0". 11". S". 41^. 5i>. 6^. 8^. g^. 10''. ll''. 12'>. i3i>. UK ISi. 16^. 17''. ISi-. ig*. 2011. 21\ 22''.

2 3 2 5 4 4 6 5 24 13 3 2 3

+ 14 -27 -29 -23 -28 ^20 -21 -^16 -7 + 3 + 18 -20 + 4

231'.

iber of ob-
]

vations, .
J

a value of
1

•rent, . .

12

+ 34

3

+ 50

9

+ 29

11

+ 19

3

+ 15

3

-23

4
I

+ 17,

'ABLE V.

—

Hourly Means op the Earth-Currents observed on the London and Tonbridge

Line during Magnetic Calms.

0^. 1". 21'. Sh. 4". 51^. 6\ 7^. St. gh. lot. 111-. UK 13h. 141^. ISi. Ifih. 17\ ISi. igi*. 20''. 21''. 22''. 23''.

iber of ob- 1

vations, .
J

1 value of 1

rent, . .

11

-30

5

-.17

9

-24

10

^16

3

-22

3

-23

2

+ 10

2

-9

3

+ 3

2

^20

6

-.12

3

-6

4

-7

6

+ 3

5

+ 7

23

-3

15

+ 1

4

+ 2

3

+ 18

3

+ 16

5

-17

'ABLE VL—Hourly Means op the Earth-Currents observed on the Tonbridge and Dover

Line during Magnetic Calms.

0''. lb. 2h. 3". 4»'. 5". 6''. 7". 8i». 9h. 10''. IH'. 12''. 13''. 14''. ISi". 16''. 17''. 18". igi'. 20''. 21''. 22". 23".

I her of ob- "1

5 rations, . /
14 4 7 11 3 3 2 3 2 3 4 4 4 6 5 26 18 4 2 4 4

SI value of\
crent, . . J

+ 68 + 39 + 32 + 26 + 18 -13 -63 -2g -34 -2g -36 -27 -2g -25 -.8 -2 + 2 -17 + 7 + 32

It will be seen that each of these tables exhibits a daily period, and that in

each the values of the currents for the hours of the day are greater than those

for the hours of the night.

Also we may regard the means for 0^ 2^ 3^, 18", 19 '',as being best determined.

Let us employ the following method as perhaps the best in our power for

exhibiting the characteristic difference between the three classes of earth-currents.

Let us represent in a tabular form the departures from the means above given of

the individual observations of each of these classes.
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TABLE VII.

—

Departures from the Means in Table IV. of the Individual Earth-Curken'

OBSERVED ON THE LONDON AND DoVER LiNE.

Class I.

—

Observations during Magnetic Calms.

Oi-. 1". 2i>. 3b. 4h. 5K 6i>. 7". Sh. 9''. lOh. lit. 12^ 13''. lit. ISi-. is'-.'ni'. IS"-. 19'". 20^. 21''. 221'. i

- 7 + 3i - 22 - 14 + 3 -11 + 22 + 9 -11 - 9 - 4 + 11 -6, - 58 + 15 + 9 - 50 + 25-

+ 36 - 14 + 1 - 19 + 12 + 5 - 23 +11 + 5 + 7 — 7 0-2 + 28 - 12 + 9 + 50 - 57-

+ 50 - 20 - 11 - 9 - 15 + 5 - 9 + 5 + 1 — 3 + 4-2 + 7 - 12 — 18 + 28-

+ 2 _ 26 - 10 - 4 - 4 - 3 0+2 + 7 - 11

- 2 + 55 - 16 + 2 - 4'+ 2 - 3

+ 15 + 90 - 37 + 4 + 7 - 3

+ 10 - 29 + 21 + 7 - 3

-13 - 59 + 74 + 7 - 3

-34 - 2 + 81 + 7 - 3

- 9 - 37 + 7 + 15

-52 - 37 - 10 - 11

+ 8 + 7 + 14

+ 7 + 14
- 2

j

- 20
- 2

+ 7

+
- 11
- 20

+ 7

+ 43

+ 7

- 40

cLAS 3 II.—0hservatiorIS ditrim7 sm aller Distui'•hances.

+ 8 - 14 + 71 - 37 + 8o + 69 - 14 + 18 + 38 -17 - 4 -12 + 9 + 7 - 73 - 27 - 16 + 12

+ 38 - 3 + 7 + 10 + 12 + 35 -44 -14 + 2 - 20 + 6 - 27 - 50 - 4-

-52 - 36 + 114 - 10 + 27 -18 *+ 43 - 21 - 36 + 20 - 80

+ 50 - 10 - 51 + 54 - 3 + 7 - 73 - 54 - i-

-70 + 69 + 7 + 35 - 61 - 64
-20 - 50 + 7 - 50

-34 - 50 + 7 + 6

-52 - 92 + 6

+ 2 + 17 + 15
- 3

+ 24
\

Class III.

—

Observations during greater and more Abrupt Disturbances.

-57 -108 + 92 + 128 + 18 t-157 + 150 -122 - 88 -123-147
-34 + 39 - 3 - 3 - 54 - 80 - 62

-70 + 21

+ 124
+ 9

1

* The declination needle was on this occasion considerably to the west of its normal position.

t The d aclina tion Qeedl i was on t bis occasion c onsic erab! y to the e JSt 0) ' its E ormal
]

jositio D.
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TABLE VIII.

—

Departures from the Means in Table V. of the Individual Earth-

Currents OBSERVED ON THE LONDON AND TONBRIDGB LiNE.

Class I.

—

Observations during Magnetic Calms.

ov

- 40
- 25

f-173
- 54

f 1

- 19

t- 12
- 54

f 48
- 60

(- 16

li>.

-41
-19
+ 35

+ 17

+ 8

2^. S^.

-49- 37

-46|+ 16

+ 3-37
- 3

+ 6

+ 24

+ 45

+ 29

+

+
+ 37

+ 37

41".

-14
+ 1

+ 14

5^.

+ 18
-13
- 4

6i>. 7'>.

-1
+ 2

8". 91^. IQi'.

+ 9
- 9

lilK

-21
+ 6

+ 15

12".

- 20

+ 20

13i>.

+ 1

14''.

- 3
- 3

+ 6

15^.

+ 7

-11
_ 2

+ 7

16".

- 3
-10
- 3

- 6

+ 15

+ 6

17". 18".

+
-33
- 6

- 9

+ 6

+ 21

+ 3

+ 6
- 6

+ 21

+ 20

+ 3

+ 12

+ 12

+ 20

+ 3
-24
+ 3
- 6

-15
-50
+ 3

+ 3

19".

-28
- 1

- 1

- 1

- 1

- 1

+ 17

+ 35

+ 17
-10
- 1

+ 17
-19
-19
- 1

20".

- 2

- 2

+ 25
- 20

21".

+ 29
-27
- 1

22". 23".

-26
+ 11

+ 16 - 30

+ 31

Class II.

—

Observations during smaller Disturbances.

19 + 44 + 6 + 21 -18 -13 - 9 -21 + 110 + 23 + 23 + 34 + 2 + 12 -10 + 68 + 18 -23
5 -41 -23 + 25 -18 -50 + 60 + 40 + 12 -85 + 16 + 40 + 42

12 -41 -18 + 58 -21 + 20 *-44 + 8 — 38 -27 + 2

89 -10 -20 -35 + 15 - 1 + 68 -52
48 -23 -14 + 46 + 82
54 + 17 - 6 + 17

12 + 31 -14 - 1

40 + 17
-15
-12

-44 -19
+ 11

-19
- 1

+ 44
- 27
- 15
-102
+ 44

Class III.

—

Observations during greater and more Abrupt Disturbances.

+ 4.2 -103
-103
+ 159
+ 135

- 1

+ 92
t+18 -116 + 35

+ 26

-121
+ 34
- 42

+ 52

+ 29
+ 84

+ 11

- 4

* The declination needle was on this occasion considerably to the west of its normal position,

t The declination needle was on this occasion considerably to the east of its normal position.
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TABLE IX.

—

Departukes prom the Means in Table VI. of the Individual Earth-Curreut

OBSERVED ON THE TONBRIDGE AND DoVER LiNE.

Class I.

—

Observations during Magnetic Calms.

oi>.

i— 10

+ 51

'— 6

I- 21

'+ 16

;+ 2
'— I

1+ 43
-\- 32
— 68

+ 10
— 95
— 1

lb. 21'.

+ 10+ 4

+ 14!—51
'+87— 68

+ 45 +68
—32
—85
+ 8

31^.

— 14
— 26

+ 6

+ 1

— 14
— 53

+ 41

+ 81

+ 93
— 55
— 58

+ 9

+ 11

18

4".

—23
+10
+13

5^. 6^. 7\

—56
+56

St. gh.

+ 36
— 18
— 18

IQi'.

+ 8
— 7

llh.

— 6

+ 7

— 2

121". 13".

+ «

+ 8
— 7

U^.

+ 2
— 2

15"

+ 9

— 7

0— 2

le".

+20
+ 8

— 6
— 5

— 7

17". 18".

— 92

+ 55

+ 11

+ 20
— 1

+ 5

+ 8

+ 8

+ 8

19". 20".

+ 38+ 34
— 68+ 25
— 45]— 11

+ 2—49
+ 5

+ 26

+ 8
— 1

— 10
— 24
— 24

+ 8

+
+

— 12

+ ^

+ 29

+ 20

+ 19
— 25
— 25
— 16

+ 49

+ 29

8

10
10
26

+ 55

+ 8— 50

+

21". 22".

— 53 +
+ 53-

•t

2S

Class II.

—

Observations during smaller Disturbances.

+ 22 — 12 +87 — 51 +101 +71 +20 + 42 —44 +13— 9 +16 + 8 — 34— 72— 67 + 12

+ 10 + 31 --52 — 1 +27 --65 —94 + 13+ e — 50+ 86— 60— 45 — 7

— 86 — 3 --96 — 7 --34 —36 *+ 66— 68+ 7 + 17 - 72

+ 32 + 19 — 75 +65 — 2 + 8 — 68— 38 + 7

—138 — 39 + 3 -- 55 — 98 — 86
— 15— 39 -- 8 — 76
— 68 — 69 + 17 + 16

—104 + 44 -- 49
— 45 — 88 + 20

+ 72

+ 11

+ 38

Class III.— Observations during greater and more Abrupt Disturbances.

-146 —123 +U7 +125 —71 t-18 +151 + 2 -102— 102 —150-
- 68 + 93 — 18 — 141 + 34 —102 -100
-119 + 1

+ 93
+ 68

* The declination needle was on this occasion considerably to the west of its normal position. '

t T he dec lination needle was on this occasio n consider ably the east of it 3 norma 1 position.

I
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A cursory glance at Tables VII., VIII., IX. is sufficient to show us that the

values of the departures for Class 2 are greater than those for Class 1 ; and that

in like manner those for Class 3 are greater than those for Class 2. But since it

may he objected that the means in Tables IV., V., VI., are not in all cases

thoroughly determined, I may likewise remark, that the range of the departures

follows the same rule as their absolute values. Indeed, the great characteristic

feature of the disturbing force is the large range which it causes between the

different values of earth-currents observed on the same line, and during the same

hour of the day, while at the same time the departures are perhaps as often to

the one side as to the other of the normal values, as far as this may be gleaned

from a somewhat limited number of observations.

That this peculiar action of disturbances on earth-currents does not depend

upon the absolute amount of the disturbing force, magnetically measured, will, I

think, be rendered probable from the following considerations :

—

1st, In the two cases in which the declination needle was considerably de-

flected from its normal position, there is no evidence from the corresponding

earth-currents to show that these depend upon the absolute amount of the mag-

netic deflection.

2d, For all the other disturbed observations of earth-currents, neither magnet

was far from its normal position.

While, however, there is no evidence in favour of the theory which ascribes

magnetic disturbances to the direct action of earth-currents, there is much to

favour the induction hypothesis in the great range towards either side of their

normals apparent in the values of those earth-currents which correspond in

point of time with magnetic disturbances. For it is evident that such a range

from side to side would be produced if earth-currents were induced currents, due

to those small but rapid changes in the magnetism of the earth, which are repre-

sented by the peaks and hollows of the disturbance curves.

Another remarkable feature of Tables VII., VIII., IX., is the tendency of

the undisturbed observations in juxta-position with one another, to exhibit

departures affected with the same sign ; and if we reflect that the order given

in these tables is that of time, we shall, I think, be disposed to conclude with Mr
Walker, that meteorological conditions in all probability influence the values of

the currents observed.

If this be the case, there would thus appear to be three independent pheno-

mena which affect these values :

—

1st, The daily magnetic change.

2d, Magnetic disturbances.

3d, Meteorological conditions, probably those which alter the conducting power

of the superficial strata of the earth's surface.

If we reflect on this, and bear in mind that we have as yet obtained only a
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limited number of observations of earth-currents, and that only at one place, it is

surely too soon to endeavour to trace quantitatively the connection between such

currents and magnetic phenomena. I have therefore confined myself to a kind

of qualitative analysis, which perhaps may help roughly to determine the nature

of this connection.

I shall be excused if I here call attention to some remarks on the subject of

this paper made by the Rev. Dr Lloyd of Dublin, with the view of showing that

the facts noticed by this eminent physicist may be explained on the induction

hypothesis. These remarks occur in a paper " On Earth-Currents and their

Connection with the Diurnal Changes of the Horizontal Magnetic Needle," which

is published in the Transactions of the Royal Irish Academy.* The author

says,—
" When we examine the curves, in which Mr Barlow has represented the

course of the galvanometric deflections caused by the earth-currents, we observe

that the regularity of that course is continually interrupted by rapid recipro-

cating movements, in which the needle oscillates from one side to the other

of the zero alternately. These movements are similar to those of the magne-

tometers with which we are familiar ; but they are much more rapid, and bear

a larger proportion to the regular changes The frequency

and magnitude of the deflections may both be taken into account, by adding

together the alternate changes, without regard to sign, and dividing the sum by

the regular daily changes. I have selected for this calculation the obser-

vations made during the six hours, commencing at 3 a.m., on May 29, 1848,

that being a period of comparative disturbance. The sum of the changes of the

galvanometer needle during that period, on the Derby and Rugby line, was equi-

valent to 571 divisions of the instrument,—the mean daily range for the entire

week being 114 divisions, and the ratio = 50. The corresponding ratio for the

galvanometer of the Derby and Birmingham line is somewhat smaller. The sum

of the changes of the Greenwich declinometer during the same period was only

57 minutes, the mean daily range being 12-4 minutes. In like manner, the sum

of the changes of the horizontal force (in parts of the whole) was -0158, the mean

daily range being "0034. The ratio is accordingly the same for the two magnetic

elements, and its amount is 4*6, or less than one-tenth of the corresponding ratio

in the case of the galvanometric changes. We learn, therefore, that the rapid

changes of the earth-currents are much greater in proportion to the regular daily

changes, than the corresponding movements of the magnetometers."

The fact noticed by Dr Lloyd in these remarks is quite in accordance with

the induction hypothesis, and is indeed only another way of expressing the truth

already stated, that the action of disturbances on earth currents is to increase the

* Vol. xxiv. p. 115.
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range of the latter, and that this does not depend on the absohite amount of the

disturbing force, magnetically measured.

A single glance at the Kew disturbance curves will show any one adopting

the induction hypothesis why the range of the earth-currents observed during

disturbances is so very great. The chief characteristic of a disturbing force will

then be seen to consist rather in ahriiptness than in absolute amount of change
;

and it may safely be affirmed that the abruptness of a disturbance exceeds that

of the ordinary daily variation to a very much greater extent than the absolute

amount of deviation from the normal caused by a disturbance exceeds the ordi-

nary daily range.

But, on the induction hypothesis, the values of the earth-currents observed

during disturbances will depend upon the abruptness of the latter—change in one

direction producing positive, and that in the opposite direction negative currents

;

hence the range of such currents will be very great.

Dr Lloyd again remarks,—" The calculated curve is for the most part abate

the observed, especially in the Derby and Birmingham line It

may probably be accounted for by the fact, that the zero from which the magnetic

deflections are measured is not the true one, corresponding to the absence of

deflecting force. As we have no means of determining the latter, we are accus-

tomed to take the mean position for the entire day, or the mean of the readings

taken at equal intervals, as the point from which the deflections are measured.

But there is reason to believe that this is not the true position of rest, corres-

ponding to the absence of all disturbing force. The comparative quiescence of

the magnets during the early hours of the morning seems to indicate that they

are then near their true positions of equilibrium ; and this indication is confirmed

by the galvanometric curves, the zero line, which corresponds to the absence of

current, dividing the area of the diurnal curve unequally, and being nearer to the

night observations than to those of the day."

The following is the explanation of this fact afforded by the induction hypo-

thesis :
—" During the early hours of the morning, when the magnets are com-

paratively quiescent, and there is hardly any magnetic change, there will <!on-

sequently be hardly any induced current, and hence the observations during these

hours will approach very near to the zero of current.

The results of this investigation may be briefly stated as follows :

—

1st, The earth-currents observed during periods of magnetic calm follow a

well-marked daily law, one feature of which is the small value of those currents

collected during the early morning hours ; and this admits of being readily ex-

,

plained on the induction hypothesis.

2d, These observations are probably influenced by such meteorological con-

ditions as affect the electrical conductibility of the upper strata of the earth's

crust.
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od. The values of the earth-currents collected during periods of magnetic dis-

turbance are chiefly remarkable for their great range, with frequent change of

sign. This also admits of a simple explanation on the induction hypothesis.

Atk, This hypothesis would therefore appear to be sufficient to account for all

the earth-currents hitherto observed.
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XXVIII.

—

On the great Refracting Telescope at Elchies, in Morayshire, and its

Powers in Sidereal Ohservation. By Professor C. Piazzi Smyth.

(Read December 1862 and March 1863.)

PART A.

—

Instrumental Details, ..... Pages 371-380

PAET B.

—

Observational Particulars, .... 380-413

PART C—General Deductions, ..... 413-418

Part A.—1. Introduction to Instrumental Details.

The following pages contain an account of a few double-star measures which,

by the kind permission of J. W. Grant, Esq., of Elchies, in Morayshire, I was

enabled to make there in September 1862, with his large and equatorially

mounted refracting telescope ; and as that instrument is altogether the best and

most powerful of its kind which has hitherto been erected in Scotland, such a

trial of its capabilities, and the first which has been published, will undoubtedly

have a peculiar interest for the Royal Society of Edinburgh.

The object-glass of the telescope is 11 inches in diameter, or rather its clear

aperture, for the glass discs themselves may be a little more ; while the next

largest in Scotland, that recently acquired by the Glasgow Observatory, under

its present able director. Professor Grant, is not more than 9 inches ; and the

chief object-glass of the Royal Observatory of Edinburgh, or that of the Meridian

Transit Instrument, only Q\ inches aperture. The light, therefore, of the Elchies

telescope is, comparatively, * transcendent ; and to enable this feature to be em-

ployed with the best effect upon his favourite stellar pursuits of earlier years in

India, where extreme accuracy of measurement was always one of his chief

desiderata, Mr Grant spared no expense in securing for the Elchies instru-

ment an unusually efficient and well made equatorial mounting, fully provided

with clockwork motion and micrometrical apparatus.

The order for the construction of this instrument would appear to have been

given about the year 1849, a period when Mr Grant, though still in India, was

just about to bring to a close his long service of forty-four years of continued

official residence there : and it seems to have been commenced immediately

;

* It would not be right to ignore that both England and Ireland have object-glasses of 12 inches

in diameter ; that the Russian Observatory of Pulkova has possessed for a quarter of a century, and
used with great profit to exact astronomy, an object-glass of 1 5 inches in diameter ; and that, in

addition to Paris, the astronomers of the United States have now in employment one of the same
size, and also one even of 18 inches in diameter, the normal size for a new generation, with similar

advantageous results.
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for, in 1851, the equatorial mounting, in its chief parts, was exhibited by Mr

Andrew Ross, the optician employed, as his so-called " trophy" in the eastern

half of the Nave of the Great Exhibition building of that year, with the effect

of gaining for him one of the highest medals awarded. But after that event,

lamentable delays took place in finishing the instrument ; and before they were

all concluded, Mr Grant's health, too long tried by an Indian climate, unhappily

broke down altogether. Hence it eventually occurred, that this fine instrument,

—

with the assistance of which, as the character of the Mork he had already exe-

cuted in India with a smaller telescope sufficiently demonstrates, its owner

would soon have risen to the first rank of acknowledged double-star observers

in this country,—remained nearly unused until my going to Elchies in September

1862.

I had only intended on that occasion to pay a passing visit, as one of respect

to the founder of the largest astronomical equatorial in Scotland ; but Mr Grant's

hospitable notions, and his ideas of the importance of anj^thing at all promising

to be useful in practical astronomy, prevented my quitting his mansion until

three weeks of observation had been secured, or something more than a mere

amateur idea of what the telescope was capable of doing ; and as he gave up the

Observatory to me for the time entirely, and as I worked these alone, I can

answer, and indeed am answerable, for Avhatever was done in it during that

period, especially for any errors or shortcomings of my own.

A.—2. Present Condition.

.

The patrimonial estate of Elchies lies on the banks of the Spey, about 8 miles

below the junction of that river and the Avon, in Lat. N. 57^ 28', and Long.

W. 3° 15' nearly. The house, which is on a considerably elevated plateau, stands,

together with the observatory a few yards from its south-eastern corner, on a

broad lawn surrounded by well-grown trees. There is an ornamental portico to

the observatory, decorated, not at all inappropriately, Avith Egyptian emblems,

carved in native stone, and also a small transit room ; but the chief bulk of the

whole structure consists of the large circular equatorial room, about 25 feet in

diameter, and furnished with a metal-covered conical dome.

This dome has attached to it wheels of one foot in diameter ; and, for motion,

is revolved on them, while they roll on a fixed circular rail attached to the wall

;

impulse being communicated by means of toothed gearing and a hand-crank,

which acts sufiiciently easily. The shutters of the dome, four in number and

arranged in two pairs, an upper and a lower one, open to the sky right and left.

This they do by sliding on and off the opening of the dome in a peculiar, and as

far as I know, a novel manner, with a sort of parallel motion movement in their

own plane ; each shutter being carried by two pivots, formed in the ends of two

strong iron arms, which again work on their own fixed centres on the dome, and
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have counterpoise weights beyond. These shutters were always most satisfactory

and true in their movement, opening and closing with facility, and either offering

a very large and broad view of the heavens, or keeping out both wind and wet

with perfection.

The equatorial moimting is of that character usually known as the German

'

variety in form, though in this instance it is constructed in the stronger manner

of English engineering work ; and has been so abundantly described already in

print—1st, in the Jury reports of the Exhibition of 1851 ; and, 2d, in the Royal

Astronomical Society's Monthly Notices for November 1862—that little more need

be said of that part of the subject here. Though indeed it is proper to record,

considering the great size and weight of the instrument, that I found the hand-

ling and working of it by myself alone, far more easy than I had expected ; ex-

periencing too, throughout the whole of the observations, a remarkable freedom

from tremors either of tube or mounting ; a consequence, without doubt, of the

superior weight, and very massive construction of all those larger parts, which the

optician, Mr Ross, had wisely confided to the hands of the well-known manu-

facturing firm of Ransomes and May, at Ipswich, to execute for him.

A.—3. Prejiarations for Observing.

These preparations consisted in little more than cleaning the instrument from

old and hardened oil, cleaning both outer and inner sides of object-glass, but with-

out separating the lenses ; removing paint from, and brightly polishing, the outer

surface of the metal dew-cap ; reddening the lamp illumination of the field of

view, determining the magnifying power of the eyepiece employed throughout

(and found to be 397),* testing the equatorial adjustments and micrometer values,

chiefly by daylight observations on known stars, and then in preparing the list

of objects to be examined. These were, for the most part, selected from the

double and compound stars which I had begun to observe on the Peak of Tene-

riffe in 1856, but had had no opportunity of reobserving since then.

It was part of the preparation also to endeavour to form some idea of the

quality of the object-glass about to be employed ; an object-glass which, though

furnished by Mr Ross, is said to have been actually constructed in the optical

factories of Munich. There are many small bubbles in the material, but no percep-

tible striae ; and the discs which are given to the stars when in focus are extremely

small,—so small that the two stars B and C of 7 Andromedse, stars of the fi.fth

I

and sixth magnitudes respectively, and 0'6 of a second apart, were on one occa-

* This high power could be kept constantly on, without inconvenience when first picking up
'any small star, owing to tlie luxurious furnishing of finders to the large telescope, for it had no less

than tliree such appendages ; wliereof the first had a 4- 5-inch object-glass, and a magnifying power
of 56 times ; the second, a 2-2-inch object-glass, and magnifying power of 28 times ; and the third,

a l"7-inch object-glass, and magnifying power of 17 times.
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sion seen completely separated, well-formed, and with dark sky between them
;

a decided advance on what I have ever witnessed with 7 and 9-inch object-glasses

elsewhere by celebrated makers.

The larger luminous discs also, which the Elchies object-glass gives to stars,

on being thrown much out of focus,—and a Lyrge was the one principally experi-

mented on,—were pretty regular in their circular formation and strength of illu-

mination, though they had a disagreeable feature of colour ; for when the eye-

piece was pulled outwards from the focus, the disc was greenish, with a violet

border or fringe ; but when pushed inwards therefrom, there appeared a small

central disc of violet, with an annular surrounding space of green ; and when set

exactly to the focus, the central part of the star was white, or slightly yellowish,

astonishingly brilliant, and surrounded with rays that showed an intense violet

colour towards their outer ends.

These effects, as I presume, are chiefly those of the " residual spectrum" of

the object-glass, a defect that must exist to some extent in every so-called achro-

matic, but varying in character in each case with the judgment of the optician

and the nature of the glass at his disposal. In the Elchies object-glass, as the

outstanding defect seemed chiefly centered in the violet ray, which contains but

a very small portion of light, its consequences may not be of moment in most of

the ordinary optical observations, though it may become of importance in any

attempt to use the telescope photographically, and did seem to prejudice the eye-

estimations of the colours of some few stars. For instance, when a Lyrse entered

the field, the eye was so excited by the splendour of the great star, a real first

magnitude, and by the glory of its violet halo, that the small companion star,

which is only of the eleventh magnitude, and has appeared to me in other tele-

scopes of a blue colour, assumed in this one a reddish look, apparently from the

complementary effect of the dominant violet of the larger. This case, however,

is an extreme one, and when the stars under observation were below the third

magnitude, little, if any, of the violet halo was ordinarily noticed.

A.—4. Identification of Objects Observed.

For the large stars, so few in number, their mere names, as every one knows,

are quite enough to identify them ; but for the constantly increasing hosts of the

small stars that are dealt with by modern astronomers, no system of names has

ever proved sufficient. In such case, reference has first been tried to their

number's, as they stand in some numerically arranged catalogue ; and if every

observer was to refer, or could refer, to one and the same catalogue, that might

form a practicable method. But this is not done, and for many various reasons

;

recourse being had instead to the numbers in a variety of catalogues, one man

making one catalogue his standard of reference, and another, another.
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Hence considerable confusion has crept in, where a mere number-reference is

employed, and great loss of time is experienced in tracing the measures of any
one star, through the catalogues of different observers arranged and indexed

merely according to their own separate independent and peculiar numbers, which
numbers too, in no case indicate the precise point of the sky to which a telescope

should be directed in order to find the star. Some natural method therefore

should evidently be made to over-ride all these artificial systems ; and none seems
better than a statement of the Right Ascension and Declination at a given epoch

:

I have therefore been much more particular in designating each of the stars in

the Elchies list by that method, than by reference to any name or catalogue

number. One of these is, indeed, usually given as an approximate step to begin

with, but is always followed by the place for 1862, as brought up from the
" Cycle," the chief book of reference employed.

Identification, however, thus by place and epoch, has its limits when stars

are very close together ; especially as the pointing of an equatorial may often be

in error, from an accumulation of causes, to the extent of 1, 2, or 3 minutes of

space. In such case, recourse must evidently be had to such further natural

features as may be presented by the objects in the field of view ; and which
features do indeed form the chief portion of an equatorial's work to ascertain and
record, viz.,—

Magnitude, or brightness.

Colour.

Relative position angle, when more than one star is concerned ; and

Distance, under the same circumstances.

This consideration is evidently not new, though it has not been by any means

so generally employed as it might have been with advantage to science ; for with

stars, at first thought nearly similar, most manifold physical peculiarities have

been found on closer study. I have endeavoured, therefore, to take more account

than has usually been the case, of all the prominent characteristics of every star

observed ; and have not only arranged all my own results in that manner, but

those of other observers referred to for comparison, as well ; setting down each

person's work in order of date, to the end that any large cosmical progressive

change in any of the elements may be instantly manifested.

When the cosmical change, however, is small, or the previous authorities

scanty, and the Elchies observation simply shows a difference from what had

been expected, then comes the all-important question, as to within what limits

can we depend on an Elchies observation ; for on the answer given thereto will

it rest, whether the difference noted may most probably be put down to mere

error of observation ; or, quite certainly assumed as showing a cosmical change

in the objects obsei^ved. A formal inquiry into these conditions will be all the
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more proper in the present case, and respectful from myself to older observers,

seeing that double-star measuring is one of the most refined and diflBcult branches

of practical astronomy, where few persons succeed without much longer expe-

rience of it than has fallen to my share ; and in which, from the nicety of the

micrometrical apparatus employed, it is always possible to read off an observa-

tion, and record it on paper to very many more decimal places than it can really

be trusted to.

A.—5. Prohahle Error of Observation.

Now these errors in my work at Elchies I believed were always large, not

only for the reasons given above, but also because the number of nights that any

object was observed was seldom more than two or three, and sometimes only

one ; and because, too, the definition of the atmosphere was almost invariably,

on every occasion that I looked through the telescope, so extraordinarily bad,

that every star, instead of appearing like a proper typical stellar point, was

blurred into a more or less, and often exceedingly large, and therefore corre-

spondingly faint, nebulous patch or wisp of light.—(See Royal Astronomical

Society's Monthly Notices for November 1862, p. 3, and p. 13.)

Whereas, therefore, most observers assign to their best measures a Aveight of

10, and to their worst a weight of 1 only ; I, while keeping to their upper limit

for an ideal best, have often in practice found it expedient to go lower still than

their lowest, and to divide their 1 into tenths.

These numbers will accordingly be found set down against every Elchies

observed quantity ; and it is expected that any astronomer who hereafter may
use the quantities for purposes of his own, will duly refer to the numerical weight

attributed by their ol3server. Yet the numbers, after all, indicate only an

opinion or marked impression, which may be biased either way ; and the number

of observations of each object is too small to allow of estimating the degree of

probable error on any rigid mathematical basis, with a logical prospect of prac-

tical success ; something else therefore, and more suitable to the case, is absolutely

required ; and with the view of attempting to furnish such a desideratum, I

have compared my Elchies observations, in each of the four features above

enumerated, with the mean determinations brought up from the " Cycle," and

other standard authorities; i.e., whenever the stars concerned appeared to be

relatively fixed and constant, or very nearly so, in order to avoid being misled by

any large change, depending on time.

The results of this comparison are given in the two tables below, whereof the

first refers to " Magnitude" and " Colour," which are mere matters of approxi-

mate estimation; and the second to " Position" and " Distance," which, being

affairs of micrometric measurement with all available accuracy, have had more

care bestowed upon them.
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Correction—Table I.

Stab Group. Com-

Magnitude. Colour.

ponent. Standard Elchies Standard Elchies
authority. observed. authority. observed.

35 Piscium . . . , ^
A
B

6

8

6

8

65 Piscium . . . . J.

A 6 6-3 Pale yellow (?) Bluish white

B 7 7-0 Pale yellow Faint yellowish white

v}/' Piscium, ....-! A 5-5 50 Silvery white Yellowish white

B 5-5 5-5 Silvery wliite Bluish white

A 4-5 4-8 Bright white Greyish white

B 50 4-9 Pale grey Slightly reddish white

X Arietis, }
A 5-5 5-3 Yellowish white Yellowish white

B 8-0 88 Blue Light blue

ft TTf»rpnli'=i J
A 3-5 (?) 3 Orange Coppery orange

B 5-5 (?) 5 Emerald Greenish

11^ Ophiuchi, . . . . j
A
B

4-5

7-0

5

7

Topaz yellow

Variable

Yellow

/3 Cygni, \
A 30 3-0 Topaz yellow Yellow

B 7-0 7-0 Sapphire blue Bluish green

y Delphini, ....-< A
B

4

7

4-5

7-0

Yellow

Light emerald

Pale yellow

Slightly greenish

1 Pegasi, \
A 4 4-5 Pale orange Yellowish

B 9 9-0 Purplish Grey

Correction—Table II. {See Note to p. 415.)

Position, Distance.

Star Group.
Approx.
Position.

Approx.
Distance. Corrections

for Elchies

Result.

No. of
Nights

Obs.

Supposed
Weight.

Corrections

for Elchies

Result.

No. of

Nights
of Obs.

Supposed
Weight.

35 Piscium 149 12
'

-0 7 2 2 + 003 2 1

v}/' Piscium, 160 30 2 2 -0-28 2 1

Z, Piscium, . 63 23 + 9 2 2 -0-20 2 1

y Arietis, 9 -0 56 3 3 + 0-20 3 2

y Andromedse, 62 11 + 3 2 2 + 0-69 1 0-3

32 Eridani, 347 7 -0 10 1 1 + 008 1 0-5

a Herculis, . 119 5 -0 10 3 2 + 0-07 2 0-8

1 Herculis, . . 310 4 2 1 -0-05 2 0-8

95 Herculis, 261 6 -0 20 2 1 -019 2 0-6

^ Cygni, .

^Sagittffi, .

55
313

35

. 9

+ 3

-0 40
2

3

2

2

-0-10
-016

2

3

1

1

y Delphini, . 273 12 + 30 2 1 + 0-25 2 0-5

Mean, according to signs,

Mean disregarding the "1

signs, .... J

14

14

o J

-0 8

16

+ 003

019
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A simple inspection of the first of the two previous tables may be considered

to show, that in magnitude or brightness, an Elchies observation is not likely to

be in error more than 1 magnitude on the " Cycle," which follows very nearl}*^

the Herschelian scale ; and in colour, though the estimation was rude, and based

entirely on my own independent ideas of colours, yet the Elchies difference from

the same standard authority is always comprised within some small variety of one

and the same tint, indicating, therefore, the non-existence of chromatic error or

equation, personal, instrumental, or geographical, to any large or sensible amount.

Similarly the second table may be held as exhibiting, that there are hardly

any errors of a constant order worth noticing, on either position angles or dis-

tances,* as observed at Elchies, while the occasional errors, + and — , are con-

fined within a degree for " positions," and a second for " distances," over cases

varying in al)Solute distance from 4" to 35".

These limits of occasional possible error, though they include some cosmical

uncertainties in the progress of the stars themselves, may appear rather large

when compared with the many decimal places adopted by some few single

observers in recording their observ^ations ; but will appear more moderate when

we come presently to compare the results of many such first-rate observers inter

se ; and will even in the end be found very small, compared to the important

natural changes which have undoubtedly been undergone by some of the stars

since the last previous observations that have come to my knowledge.

A.—6. Stao's observed.

The following table contains a condensed list of the stars or star-groups

observed at Elchies, and arranged in order of Right Ascension :

—

Approx. E. As- Approximate De- Appros. E. As- Approximate De-
Name. cension for clination for 1862. Name. cension for clination for 1862,

1862, Jan. 1. Jan. 1. 1862, Jan. 1. Jan. 1.

h. m. s h. m. s.

35 Piscium, 7 52 -f 6 3 14 55 Serpentis, . 18 14 11 - 2 55 35
65 Piscium, 42 28 + 26 57 31 a LyrtE, 18 32 14 + 38 39 8

•v]^' Piscium, 58 17 + 20 44 1 28 Aquilse, . . 19 13 14 + 12 7 22

^ Piscium, 1 6 37 + 6 50 44 b AquiliB, . 19 18 31 + 2 50 25

y Arietis, . 1 45 58 + 18 37 6 128 Anseris, 19 20 26 + 19 37 12

X Arietis, . . 1 50 15 + 22 55 20 ^ Cygni, . . 19 25 9 + 27 40 20
222 Arietis, . . 1 51 56 + 20 23 14 ^ Sagittse, . . 19 42 52 + 18 47 57

a Piscium, 1 54 54 + 2 5 45 a Aquilse, . 19 44 2 + 8 30 5

y Andromedae, 1 55 25 + 41 40 3 y Delphini, 20 40 17 + 15 37 54
32 Eridani, 3 47 24 - 3 21 52 452 Cygni, , . 20 57 4 + 38 58

a Herculis, 17 8 21 + 14 32 51 1 Pegasi, . . 21 15 43 + 19 12 56

1 Herculis, 17 18 56 + 37 16 35 3 Pegasi, . . 21 30 51 + 602
95 Herculis, 17 55 38 + 21 35 55 312 Pegasi, . . 21 45 6 + 19 10 53

70 Opliiuchi, . 17 58 28 + 2 32 32 2 2841, . . 21 47 46 + 19 2 53

* Tlie reading of the equator on the position circle of the Elchies micrometer was obtained

every observing night, in the usual manner, by equatorial stars being made to " thread " along a
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A, 7.

—

Proper Motion Effects.

Though the list of stars observed at Elchies was small, yet it contained not a

few instances where previous observers were more or less uncertain, whether the

group should be classed as a physical and real, or only as an optical and unreal

or apparent, double star. Some of these cases have been affirmatively settled by

the Elchies micrometrical observations exhibiting proofs of orbital movement,

and others by the test of " proper motion." This latter, however, being applied

in rather an extreme manner, I propose to introduce at this point a tabular view

of the data, and trust that it will be found a convenient and important reference

throughout the next section of the paper.

The " proper motions" employed, are those of the British Association Cata-

logue, where they are given in their annual amounts, generally for the larger

component only of each star group. If in any particular instance, the smaller

members of the group form a physical system with the larger, evidently they will

experience the same amount of proper motion,—whether real from their own
movement, or apparent from our sun's,—and their relative " positions and dis-

tances" will not be altered thereby. But very different results will follow, if

the members of any star-group are not physically connected together, and only

the larger component be endued with the British Association Catalogue recorded

amount of Proper Motion ; and if the accumulated effects of such motion can

be traced through a considerable period of time. Now, the greater part of the

" Cycle" references being about thirty j'^ears earlier than the Elchies work, I

have multiplied the British Association proper motions by that number, and

then computed their effect in altering the relative positions and distances of the

members of each star-group concerned, on the hypothesis of their being in

apparent proximity to each other only.

The result is usually an alteration so greatly exceeding the bounds of probable

error in an Elchies observation, that, according as it, the alteration in position

and distance, is or is not borne out and reproduced by, and in, these observations,

we are enabled to state with great confidence (subject only to the truth of the

said British Association Catalogue proper motions), whether the group belongs

to the one or other leading variety of double stars.

wire. The value of the micrometer screw in seconds of space was derived from transits of the pole-

star, measured with a sidereal pocket chronometer, kindly lent by Dr Lee of Hartwell to the Edinburgh

Royal Observatory for many years, and brought northwards on this occasion.
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Annual B. A. C. Eelative State rudely

Stae oe Stae-Geoup.
Proper Motion.

Observec in 1832. Computed for 1862.

E. A. N. P. D. Position. Distance Position. Distance.

35 Piscium, . . . + o'-io + 0-04 150 11-5 162
II

9-2

65 Piscium, . + 0-08 -0-03 299 4-5 282 6-2

4- Piscium, . . }
+ 0-15

+ 0-10
+ 0-02

+ 0-03 1 160 300 162 300

^ Piscium, . . -|

+ 0-20

+ 0-28
+ 0-06

+ 002
63 23-5 60 235

X Arietis, . . . -008 000 46 37-0 48 38-5

7 Andromedee, . . + 006 + 0-04 62 100 52 9-5

32 Eridani, . . . + 0-10 0-00 347 6-5 325 7-8

a Herculis, . + 0-03 -0-05 119 4-7 140 50
g Herculis, . . . + 0-06 -0-02 310 3-6 292 45

95 Herculis, . . . + 002 -0-06 262 6-0 248 70
71 Serpentis, . -0-56 + 0-65 71 133-0 66 155-5

a Lyrae, .... + 030 -0-28 139 43-2 153 46-5

5 Aquilae, + 0-27 -Oil 260 96-0 259 104-5

128 Anseris, . . . -003 + 0-06 43 22-7 42 24-6

/3 Cygni, .... + 003 -0'02 65 350 55 34-0

^ Sagittae, . . . + 010 -007 313 86 292 98
a Aquilae, + 0-51 -0-38 320 155-0 313 1570

y Delphini, . , |

0-00

+ 0-02
+ 015
+ 0'20 |273 11-8 280 12-5

1 Pegasi, . , . + 0-18 -009 311 37-0 303 39-6

Part B.—Observational Particulars.

The Stars, as observed and compared, arranged in order of Bight Ascension.

(1.) 35 PISCIUM, Approx. E.A. 0^ 1^ 52^ ; Decl. + 8° 3' M" for January 1, 1862.

Com- Magni-
ponents. tude.

A
B

A
B

A
B

A
B

A
B

Colour. Position. Distance. Date. Authority.

AB 148 54 12- 50 1783-50 HI.

AB 151 6 11-28 1821-93 a.

AB 150 46 11-17 1821-91 B? and S

6-2 White
7-8 White AB 149 52

A 6-5

B 80

AB 150 6(m;8) 11-60(m;7) 1832-04 Cycle.

11-53 1832-67 2.

AB 149 21 11-66 1836-74 2.
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Part B.—Observational Particulars. 35 PISCIUM

—

continued.

Com- Magni-
Colour. Position. Distance. Date. Authority,

ponents. tude. '

A 6 Pale white „ ^ „

B 8 Violet tint AB 149 30(t(;7) ll-90(ti;7) 1837-89 Cycle.

A
B

A
B

A
B

A
B

Yellowish

Azure

White...,

Purplish

Yellowish(2)

Pale violet (2),

1844-8 Sestini.

6 (3) Yellowish \vhite(3)

8 (3) Greyish (3) AB 14949*(w2) ll-64(wl)

1850-7 Spec. Hart.

1856-68 AltaVista.

1862-72 Elchies.

Mean of four best results, 1832-1838
;
position AB 149° 42'; distance ll"-60; date 1834-84.

Elchies corrected for constant differences; position AB 149° 41'; distance ll"-67 ; date 1862-72.

When the results of different observers are arranged in this clear and tabular

manner, it seems, at first sight, so extremely easy to judge by mere inspection,

whether our knowledge of the star is in a satisfactory condition or otherwise,

that it is needless to add anything to them. Yet a very little further examina-

tion will soon reveal, that there are a great many unknown quantities to be taken

into account, and that it is often extremely difficult to come to a decision between

what shall be attributed to error of observation in a former observer, and what to

a real change in the star or star-group itself; and, according as the decision

may be given one way or the other, so the new" Elchies observation may fulfil a

more or less useful part in the history of the star. At all events, it is only

by such a comparison, rigidly, impartially, and extensively carried out, that

we can really arrive at any definite idea, as to whether the Elchies observations

are in themselves good or bad, (merely to have printed them by themselves,

would have proved nothing), and whether they have haply added anything to

* The numbers in simple parenthesis after an Elchies observation, indicate the number of

nights on which it was observed in any particular element ; but when a w is prefixed to the number,

it indicates the estimated weight concluded on the principles mentioned in page 376. The original

authorities referred to for numerical observations, are,

—

" Mensurse Micrometricse" of F. G. W. von Struve, quoted as 2, when observing with the 9-inch,

and g, with the 3*6-inch Dorpat Equatorial.

" Cape of Good Hope Observations," by Sir J. F. W. Herschel, quoted as H^.
'« Cycle," by Admiral W. H. Smyth, 1844.
'' Speculum Hartwellianum," by the same, 1860.

Memoirs and Monthly Proceedings of Royal Astronomical Society ; Astronomisches, Nachrichten,

by Dr A. Auvers ; and Edinburgh Astronomical Observations, vol. xii., for Guajara and
Alta Vista observations in TenerifFe. Other references to Sir William Herschel, as H^, and
Sir John Herschel and Sir James South, as H^ and S, are extracted either from the " Men-
suras Micrometricse," or the " Cycle "
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our exact knowledge of sidereal phenomena. It may therefore be of some

preliminary assistance, if I call attention to a few of the more noticeable featm-es

which have struck me, after having thus brought together the several authorities.

Beginning then with the columns on the left-hand side of the page, it may be

remarked, that

—

In Magnitude^ these stars show no very sensible alterations within the period

over which all the observations extend.

In Colour^ a slight gradual change in both components may be suspected.

In Position and Distance, there is something to discuss. Looking up and

down these columns, the reader may first be struck by the greater differences,

—

and, evidently by their + and — character, greater errors of observation,—among

the earlier than the later observers. This is much as might be expected in the

nature of things, and is not mentioned invidiously, but only as a point upon which

a practicaljudgment must be formed, and a case where w^e should try to avoid being

led away impulsively by the splendour attached to great names. Had the two

earliest sets of observations, by " H'" and " o-,"" been the only ones in existence, a

rapid change of the stars in both position and distance would have been implied,

and believed in to this day. But subsequent observations soon impressed both

"2" (the elder Struve at Dorpat), and my father in his " Cycle," that so far as

Position was concerned, no sensible change was going on ; and this view is

remarkably borne out by the Elchies observation, at an interval of twenty-eight

years after a mean of four of the best sets of preceding observers. Indeed, it

differs therefrom by only 1' ; a pure accident in an instance where the third part

of a degree would have been excusable ; and a coincidence certainly, wdiich I had

no idea of, until after the authorities had been collected, and that was very long

after the observations were made.

In Distance^ my father thought the stars constant, but Struve (pp. 137 and 281

of his great Catalogue), after having rejected the H^ observation as erroneous,

thinks that a slow increase is going on, especially w^hen taking account of con-

stant errors ; which, being corrected for in earlier observations, w^ould make his

measure of 182I-93 = ir-21, and that of H' and S in 1821-91 = 10"-58, leaving a

large increase for his subsequent observations of 1832 and 1836. The Elchies

observation however again shows, and by an almost marvellous agreement, no

increase to have taken place in the last twenty-eight years.

May we trust this result? I think w^e may; but am not so much guided

thereto by the Elchies result, to which the attributed "weight" is exceedingly

small, as by some considerations on the older measures. All the world knows

the elder Struve as a first-rate observer, and when he observes with the large

Dorpat telescope of 9 inches aperture, no one can come near him. This class of

his observations is marked with a 2, and the record of 1832 is the mean of no less

than seven sets, in five different years ; something of this sort too being gene-
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rally the case with a given 2 result, such a reference must be looked on with

exceeding respect. But Struve observing with the later 9-inch Dorpat, is a

very different person in his results from the same Struve working with the

earlier 3()-inch Dorpat, or the result given as " o-;" and it is chiefly on the (7-2,

than the 2 - 2', that the argument for change in the star 35 Piscium used to be

founded. The argument, though weak, was no doubt contributed to also by the

H^ and S observation, and in a more exceeding degree ; but if I am right in my
belief that the small size of Struve's earlier telescope is the reason of the <t results

being always greatly inferior in accuracy to those marked 2,—then a similar cause

should act and to a large extent in vitiating the excellence of an " H^ and S

"

result, transcending though the natural observing powers of these eminent men

may have been. In fact, too, we shall soon find, before we have gone very far

through our list, that the limits of error of "H^ and S" are decidedly large;

and though those of the excellent " H^ " are often larger (by reason of the imper-

fect mounting, rather than the defective size, of the instruments he employed),

yet in this case it would have been better to take a mean between them all, than

to have altogether rejected H\ If too such a mean be now taken, then all the

rest of the results, including that of Elchies, confirm my father's view of the cos-

mical constancy of this star-group in distance as well as position.

But in character^ what are they, these two stars ; do they form a physical or

an optical pair ? Now extreme relative fixity, such as here prevails, has usually

I believe been put down as implying that a pair is optical only ; and our proper

motion table, on page 380, will enable us at once to test that hypothesis on the

foundation there adopted ; for the large star has so sensible an amount of proper

motion attributed to it, that in thirty years the angle of position should have

increased by no less than 12 degrees, and the distance lessened by 2-3 seconds,

if the larger is not carrying the smaller orb along with it in its flight. But as we

have already seen, no such change has occurred, certainly nothing equal to the

twentieth part of what is here indicated; we are therefore justified (subject always

to the correction of the British Association Catalogue), in considering the pair to

be a physical double star, or a binary with extremely slow orbital movement.

(2.) 65 PISCIUM, Approx. R.A. Q'^ 42n» 28= ; Decl. -{ 26° 57' 31", January 1, 1862.

Com-
ponents.

Magni-
tude.

Colour. Position. Distance. Date. Authority.

A
B AB 300 57 4''o 1783-15 Ha

A
B AB 297 22 1802-61 H,.

A
B AB 295 48 1822-86 H2 and S

VOL. XXIII. PART II. 5 M
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65 'PISCIUM—continued.

Com- Magni-
^.^j^^^ Position. Distance,

ponents. tude.

A 6 Pale yellow
^ ^ „

B 7 Paleyellow AB298 12(w6) 4-2(w4)

A
B

A
B

A
B

A
B

A
B

A
B

6-0 Yellowisli

62 Yellowish AB 298 58 4-45

AB298 30 (w 8) 45 (it; 5)

Yellowish

Azure

Pale yellow

Pale yellow

White (1)

White (1)

Date. Authority.

1830-97 Cycle.

1832-13 2.

183817 Cycle.

1844-8 Sestini.

1850-8 Spec. Hart.

1856-68 AltaVista.

6-3 Bluish white (2)
7-0 Faint yellowish white (2) AB 298 28 (i</2) 4-55 (t«l) 1862-73 Elchies.

Meanof 3 best obs. 1830-39, Pos. = 298°33' Dist. = 4"-38 Date=1833-72.

Elchies corrected, Pos. = 298°20' Dist. = 4"-58 Date= 1862-73.

In Magnitude, these stars seem steady.

In Colour, they are weak, but may be slightly variable interchangeably.

In Position and Distance, they are a remarkable lesson ; for whereas the first

three sets of measures showed a change of 5^" of position in forty years, on

the strength of which an orbit was computed of one star round the other in

3000 years,—subsequent measures have proved that there was no sensible change

at all, and the appearance of it was merely due to the large errors of observation

of the earliest authorities, and to their chancing to tend in one direction. If

further proof of the " fixity" were needed, it is supplied, as will be seen, by the

Elchies observations.

In Character the stars may still be termed physical, or slow binaries, by the

entire non-appearance of the B. A. C. proper motion, which, on the optical hypo-

thesis, ought to have decreased the position by 17°, and increased the distance

by VT' in thirty years.

(3.) ^}.' PISCIUM, Approx. R.A. 0^ 58"° 17^; Decl. + 20° 44' 1", January 1, 1862.

uonents tude
Colour. Position. Distance. Date. Authority.

A
B ... AB 170 27-50 1779-83 H^.

A 4-7

B 5-2 AB 161 30-04 1821-93 a.



GREAT REFRACTING TELESCOPE AT ELCHIES, IN MORAYSHIRE. 385

Com- Magni-
ponents, tude.

A

Colour.

•4^' PISCIUM

—

continued.

Position. Distance.

B

A
B

A
B

A
B

A
B

A
B

A
B
C

5

5

12

AB 161 2

White
White AB 160 19

30-34

29-90

Silvery white

Silvery white AB 1 60 24 (w 8) 30-2 (w 8)

Fine azure

Fine azure

Flushed white.

Pale white . . .

.

White (1)

White (1)

(2) Yellowish white (1)

(2) Bluish white (1)...

5 (2j Bluish (1) AC 121 20(tt/i) 98-18(wl)
5(2) Bluish white (1) AB160 22(xy2) 30-43(tt;l)|

Date. Authority.

1822-38 H2 and S.

183211 2.

1833-97 Cycle.

18448 Sestini.

1849-7 Spec. Hart.

1856-68 Alta. Vista.

1862-72 Elchies.

In Magnitude, A and B are pretty constant.

In Colour, more attention to minute differences is required.

In Position and Distance very little change has taken place, and in a direction

rather contrary to the computed effect of the difference of the proper motions in

the B. A. C, where it is given to either of the components separately. This

forms, however, only a " residual" anomaly, and it would be well worth while

to have the full amount of the whole proper motions of the mean of the two

stars, as given in the B. A. C, duly checked by micrometrical measurement. To

this end the Elchies telescope showed a small star conveniently situated, not

observed previously by any observer that I am aware of, and which I have called

C, and measured as above.

In character, a slow binary.

(4.) ^ PISCIUM, R.A. Ih 6m 37s . Decl. + 6° 50' 44", January 1, 1862.

Com-
onents. tr Position. Distance Date. Authority

A
B AB 67 23 22-19 1779-80 H,

A 5
B 6 AB 65 36 23-33 1823-87 tf

A 4-2 White
B 5-3 White .... AB 63 43 23-46 1832-83 2.

A 6 Silver white

23-4 (it/ 9) 1839-05B 8 Pale grey .... AB 63 48(w9) Cycle,
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Com- Magni-
ponents. nitude.

A
B

A
B

A
B

A
B

A
B

A 4-0

B 8-2

Colour.

^ FISCIUM—continued.

Position. Distance.

Yellow

Dingy yellow

White..

Greyish

Yellowish (2) .

.

Warm grey (2)

AB 63 18

AB 62 54

AB 64 2

23-1

22-8

23-744

Date. Authority.

1844-8 Sestini.

1846-89 Spec. Hart.

1849-7 Spec. Hart.

1856-68 Alta Vista.

1857-93 Spec. Hart.

1861-02

1861t] - Auwers.

A 5-5(1) Yellowish white (3)

B 7-5(1) Greenish grey (3) AB63 20(w/2) 23-42(u/l) 1862-72 Elchies.

In Magnitude, variable through rather more than one magnitude.

In Colou7\ also sensibly variable.

In Position and Distance, nearly stationary, much in accordance with the

difference of the proper motions attributed to either star in the British Association

Catalogue. These proper motions are absolutely very large, and their non-

appearance on the relative places of the stars, indicates them to be,

In Character, slow binaries.

Since writing the above, I have become acquainted with the observations of

Dr A. Auwers, taken with Bessel's celebrated heliometer, and now inserted in

our tabular view ; they are the mean of many observations extending over four

years, and will command great weight. As such, it is singular to observe how

they strengthen the character of the Elchies observations, of position and dis-

tance, making them appear nearly a mean between the best German and the best

previous English measures of this nearly " fixed" star-group. In Dr Auwers'

discussion of his own observations, he very properly compares them with those

of previous observers, and gives the names of six to whom he has so referred.

Unfortunately for impartial scientific knowledge freed from the bias of national

forms of instruments and modes of observing, the whole of the learned Doctor's

references are German, without exception. Yet, notwithstanding that that is the

case, it is instructive to observe that the variations of the German results inter

se, though depending on large numbers of observations, are not less than what was

deduced as the broadest limits of possible error for the Elchies scanty observa-
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tions, compared with other and various authorities, Dr Auwers' table standing

thus*:

—

^ PISCIUM.

Observations.

Weight.
Position. Distance. Date,

2924 63 55 23-364 1830-90

8 64 6 23-740 1834-82

48 63 50 23-499 1842-08

8 64 43 24-200 1853-82

20 63 16 23-145 1855-58

33 64 2 1861-02

20 23-744 1861-74

Authority.

Bessel.

Bessel.

Schliiter.

Peters.

Luther.

Auwers.

(5.) 7 ARIETIS, R.A. l^* 45'° 58% and D. + 18° 37' 6", January 1, 1862.

Com- Magni
ponents. tude.

A
B ...

A
B

Colour. Position.

AB 356 5

AB 356 54

A 4-2 Very -white

B 4-4 Very white AB 359 59

4-5 Bright white

Pale grey AB 359 48 (z</ 9)

A 4-

B 5

A
B

A
B .,.

A
B ...

A
B ...

A
B ...

A 4-1

B 4-3

White
White

AB 358 54 (w 8)

Full white.

Feiint blue.

Yellowish white (2)

Yellowish white (2)

AB 358 19

AB 359 15 (39)
AB

A 4-8 (3) Greyish white

B 4-9(3) Slightly reddishwhite(3) AB 36 (w 3)

Distance. Date. Authority

10-17 1779-68 B.\

8-97 1821-91 c.

8-63 1830-84 2.

8-8 (w 9) 1837-93 Cycle.

1844-9 Sestini.

8-7 (w 6) 1849-12 Spec. Hart.

1850-7 Spec. Hart.

8-87 1855-95 E. Luther.

186
8-628 (22) 1861

1856-68 Alta Vista.

Auwers.
1-on
1-85 I

8-61 (w/2) 1862-73 Elchies.

One of the oldest known of telescopic double stars ; in Magnitude, nearly

constant.

* Astronomische Nachrichten, No. 1393, p. 10.
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In Colour, some slight variations, chiefly in the smaller component.

In Position and Distance, nearly constant, but with a certain slow oscillation,

apparently of a perturbative character, and with no differential proper motion

;

therefore

In Character, a slow binary.

Com-
ponents.

Magni
tude.

A
B ...

A
B

5
7-7

A
B

55
80

A
B

...

A
B

...

A
B

...

(6.) X ARIETIS, R.A. 1" 50'" 15^; D. + 22° 55' 20", January 1, 1862.

Colour. Position. Distance. Date. Authority.

36-61 1779-83 HI.AB 48 6

AB 44 (a3 + 25-91) 1822-10 e.

5' 5 Yellowish white

Blue AB 45 36(w7) 36-9 (w 7) 1830-96 Cycle.

White
Pale azure.

Pale yellow (1) ]

Light lilac (1) J

Pale yellow .

Flushed blue.

A 5-3 (3) Yellowish white (3) . .

.

B 8-8 (3) Light blue (3) AB46 11(w3)

1844-9 Sestini.

1856-68 Alta Vista.

1857-7 Spec. Hart.

39-84(^2) 1862-73 Elchies.

An " optical " pair.

In Magnitude, stationary.

In Colour, the same ; and the difference of tints of the two stars, well

established.

In Position and Distance, showing the efffects of the proper motion of A upon

B, and to a rather larger extent than indicated in the British Association Cata-

logue. The latter makes it annually in

R. A. = - 0"-08, and D=0"-00

;

while the Elchies observation, compared with the mean of Strvue's and my
father's, gives for the same quantity in

R A.= - 0"-0y, and D = - 0"05.
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Com-
ponents.

A
B
C

A
B
C
D

A
B
C
D

A
B
C
D

A
B
C
D

A
B
C
D

(7.) 222 ARIETIS, R.A. l^^ SI'" 56% and D. + 20° 23' 14", January 1, 1862.

Magni-
tude.

85
110
9-2

6

15

10

9

9

15

10

6

Colour.

Yellow

Position.

AB 5°5 32
AC 167 22

Distance.

2-37

39-46

Date.

1832-42

Topaz yellow

Deep blue AB 53

Lilac AC 165

{w 1)

\w 2)

Pale blue AD 359 12 (ic; 2)

2-5

40-0

165-0

0«1)

(iy2) J

Grey , .

.

Blue . .

.

Lilac...

Yellow

(2)

12 (2) Bluish (1)

12 (2) Bluish (1) BC 169 15(w0'5) 37-26(io0-3) V 1862-74

7-5 (2) Pale yellowish (1) BD 3.5 (ly OS) 182-01(w^0-3) J

1

9

10-5

9-25

6-25

AB 53 42 2-25

AC 165 36 36-2

AD 1 36 182-5

(2)

11-5(2) Bluish (2)

13-5 (2) Blue (2) . BC 167 32 (w 0-5) 36-24(m/0-5)

7 (2)Yellow(2) BD 1 23 (w 0'4) 181-12(w0-3)

-1862-96

Authority

1834-99 Cycle.

1856-68 AltaVista.

Elchies.

1862-9? Dawes.

Lilburn

Tower.

Some remarkable changes in magnitude, colour^ 'position, and distance, have

occmTed in this group, according to the authorities. A great writer has indeed

asserted, since the Elchies observation was published in the Notices of the Royal

Astronomical Society, that the magnitudes and colours assigned to A and D in

the Cycle, should be read mce versa for what they are put down. (See Monthly

Notices R. A. S. for December 1862.) If this point can be proved, it will greatly

alter some of the changes believed to have been experienced ; and instead of the

Elchies observation, as well as that at Lilburn Tower being interpreted to show

that " A" was missing, and " B " only left outstanding, we may then consider

that both A and B were seen on each occasion, but indistinguishable the one from

the other, by reason of disturbed aerial vision ; in which case too, in place of the

other positions and distances being entered under the letters BC and BD, they

D. But granting that
A

,
"p A -I- "R

should rather be registered under —o— C, and
2

^' 2

alteration, and also the demanded inversion of the Cycle magnitudes and colours

for A and D, there still remain as notanda in the group,

—

J St, The decrease of distance in the last thirty years of A and C ;
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2d, The increase of position angle of A and D

;

Zd, The increase of distance of A and D ; and,

Uh, Most strange of all, the colour of A, as assigned by Struve ; for he, as

well as the Cycle, makes it yellow ; and either his recorded colour must be

repudiated by the repudiator of the Cycle, or the modern change in that star's

colour must be allowed to be real.

The observations now given under the head of Lilburn Tower, are some

which I was kindly allowed to make when on a visit last December to my friend,

Mr E. J. CoLLiNGWOOD. His observatory, planned and erected by himself, is a

model of perfection in everything which it contains, and is furnished, among

other instruments, with an equatorial, whose object-glass, a Munich 6-inch, had

been purchased from the late Charles May, C.E., and by him procured from Mr
Dawes, under the statement of its having come out of long and very severe trials

for defining power, with the most remarkable success. The mounting is by Simms,

with some fittings by Dollond, in excellent style. Nothing, therefore, was

wanting to enable good observations to be made, at least my best, excepting good

atmospheric definition. Now both the nights that I observed the object at

Lilburn Tower, were stormy in the extreme, and the definition as bad as on the

two when I observed it at Elchies with Mr Grant's larger telescope ; and I have

described over and over again how bad it was there, in the November Monthly

Notices, see pages 3 and 13, as well as indicated the same in the small weights

attached to the measures (weights giving much below the smallest weights ever

assigned by most other observers to their worst measures). In such a state of

atmospheric definition, two small, and very close, blue stars, as A and B are

now asserted to be, might easily have been confounded together ; and I would

not have undertaken to decide on the question in that shape at that time

i. e., either at Elchies or at Lilburn. But it was not then in that shape to me;

for, with the Cycle in my hand, a crowned book, stating, and having stated un-

questioned during eighteen years, that the group is " an exquisite object," and

" an admirable test to try the light and definition of a telescope ;" and describing

its three closer members, or A, B, and C, thus:—viz., a large yellow star, A, with

one small blue one close to it, and another small blue one a moderate distance

off; and then, looking into the telescope, and seeing no trace of a yellow star of

any size, big or little, in that place, and only two faint blue burred images there,

at just about the distance apart of the two small blue stars, B and C, of the Cycle,

—I thought, and still think, myself justified in publishing, that no large yellow

star now exists, where the Cycle stated that sucli a one existed in its day. So

far, too, as the subsequent discussion at the Royal Astronomical Society has

elicited, the Elchies observation was the first to announce that fact,—a most

notable one surely in reference to a " telescopic test object," whether originating

in a mistake in the Cycle, or a cosmical change in the starry heavens.
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As to the subsidiary question, of whether the faint blue burr seen in both

telescopes, in the united place of A and B, might have been really composed of

two small and close blue stars, it is no slur on the Elchies telescope's defining

power, that that point was not settled then. For, even granting for the moment
with the most extreme objectors, that A and B now are, and always have been,

these two diminutive and close, blue stars, the power of separating and seeing

them as such depends, not only on the defining power of the object-glass, but

also on the atmospheric definition at the time and place, as well as on the parti-

cular observer's eye. There is no need, however, of confining ourselves to gene-

ralities, as there are already recorded in this very case, three sets of observations,

all made by one and the same observer, viz., myself; i. e., the Tenerifie, in 1856-68,

with a 7 2 object-glass; the Elchies, with an 11-inch ; and the Lilburn Tower, with

a 6-inch. Of the transcendent defining power of the latter there can be no question,

in a good atmosphere
;
yet, the atmosphere having been as bad at Lilburn Tower as

at Elchies, only a single star was, as at Elchies, suspected to exist ; but in Teneriflfe,

10,000 feet above the sea, where the atmospheric definition was exquisite, two

stars were perceived at the first glimpse. The same eye therefore, and a medium
size of telescope between the other two, joined to a quality which, though good,

could hardly have been superior, but a decidedly better atmospheric definition, pro-

duced instantly such superior results. What, therefore, might not be the advantage

to astronomy of having a large telescope always mounted in an equally well de-

fining atmosphere to that of the Tenerififtan Alta Vista ; for evidently five minutes

there, on the showing of the objectors themselves, are, for this purpose, better

than four whole nights in a worse atmosphere.

(8.) a PISCIUM, R.A. l'' 54^ 54^; Decl. + 2° 5' 45", January 1, 1862.

Com-
ponents.

Magni-
tude.

Colour. Position. Distance Date. Authority

A
B

...

AB 337 23 5'l2 1779-80 HI.

A
' B • • AB 333 ... 1802-08 K\

A
B

...

AB 335 33 5-43 1821-93 H2 and S

A
B

3-3

4-8 AB 336 54 3-42 1821-96 a

A

1
^

...

AB 332 59 (w 24) 3-775 (w 24) 1830-93 Bessel.

1 A
'

. B
2-8

3-9

Greenish white

Blue .... AB 335 43 3-64 1831-16 2_

A
B AB 331 58 (m;4) 3-760 (w 4) 1834-85 Bessel.

VOL. XXIII. PART II. 5o
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Colour.

a PISCIUM

—

continued.

Position. Distance.
Com- Magni-

ponents. tude.

A 5 Pale green
^ , ,,

B 6 Blue AB333 24(u/9) 3-8 (w 9)

A
B

A
B

A
B

A'.

B

A
B

A
B

A
B

A
B

A
B

White
White

55
6-5

Date. Authority.

1838-87 Cycle.

AB 332 46 36 90 1843-04 Schluter.

1844-8 Sestini.

AB327 58(m/4) 3 750 (w; 4) 1845-89 Wichmann

AB 329 30 (w8) 3-50 (w 5)

AB 328 6 3-42

AB 336 56 2-76

1852-03 Spec. Hart.

1853-99 Dawes.

1855-72 E. Luther.

AB 326 53(u/27) 3-18 (i(/ 20) 1856-07 Jacob.

White
White

AB 327 54(i(^14)

AB 3-591

1856-68 AltaVista.

1861-18

186214
A. Auwers.

A 4-8 (3) White (2)

B 6-2 (3) Bluish white (2) AB 327 56 (to 2) 3-63 (i(^ 2) 1862-72 Elchies.

In Magnitude, variable through probably a fourth of the whole light.

In Colour, slightly variable ; A, from white to greenish, and B from the same

to bluish.

In Position slowly retrograding, and in Distance rather decreasing, and not

showing relatively the large B. A. C. proper motion of A ; therefore in Character

a slow binary ; but, as first pointed out, and much dwelt on by the late Captain

Jacob, suffering some large perturbations by an unknown dark body. These,

however, will not explain the characteristics of the reputed first-class observation

of 185572.

(9.) y ANDROMEDA, R.A. l^^ 55™ 25^; D. + 4r 40' 3", January 1, 1862.

"
, "^ " Colour. Position. Distance. Date,

ponents. tude.

A
B ... AB 70 23 9-25 177965 H^

Authority.

A 3 Strong golden

B 5 Strong blue AB 62 26 10-33 183002 2.
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7 ANDROMEDA

—

continued.

ponents. tude."
Colour. Position. Distance. Date. Authority.

A ...

B ... AB 6217(^24) 10-552(w/24) 1830-76 Bessel.

A 3-5 Orange
B 5 5 Emerald green AB 61 36 (iw 9) 11-00 (w 9)

C 5-5 Emerald green BC 120 (iw 1) 0-5 (m^ 1) 1843-33 Cycle.

A ... Red orange

B + C ... Lighter orange 1846-5 Sestini.~2~

A ...

B ... AB 62 30 (w 9) 10-1 (m^ 9)

C ... BC 115 0{wl) 0-5(wl) 1852-99 Spec. Hart.

A ... Orange ^

B ... Green I 1856-68 AltaVista.

C ... Green j

A 2-0

? t-? 5-4 A —^ 63 23(m;36) 1860-90 I A. Auwers.

10-270 (w 20) 1861-76

A 3-5(1) Orange yellow (2)...

B .5-5(1) Bluish green (2) AB6212(«;2) 9-8l(wOS)\ ^^

C 6-0(1) Bluish green(2) AC 116 23(w0-5) 0-58(wO-3)J
^"^^ '^ J^lctiies.

In Magnitude, nearly steady.

In Colour, A seems nearly steady ; but B, with or without C, rather variable

from blue to green at some periods, and purple at others.

In Position and Distance, A and B nearly steady, B and C with symptoms

of orbital movement ; but as the tabular proper motion of A does not appear

between A and B, they may also be pronounced in character, slow binaries.

The discovery of C, one of the many similar triumphs of the acute Otto

Struve, with the great Pulkova object-glass, is an admirable test of definition and

size of discs. My father's 5"9-inch object-glass would barely notch the B and C
pellet of light ; Mr Pattinson's 7"25-inch on Teneriffe would separate the two

stars and show a dark line between, but still make the discs so large, that they

were mutually compressed on their adjacent sides, in order to allow the said

dark line to be formed: with the Elchies 11-inch however, the discs were so

much smaller that they were both completely separated and perfectly circular,

their diameters being, for B= 0"-3, nearly,

andforC= 0"-25, nearly.

But there was this difference caused by the atmosphere of either locality, viz.,

' that at Elchies I only once, and then but for a short time, saw the stars thus

defined with all the power of the object-glass ; but at Alta Vista, on Teneriffe, I

saw them so night after night, and almost whenever I looked at them.
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(10.) 32 ERIDANI, R.A. S^ 47°^ 24s; D.-3° 21' 52", January 1, 1862.

,

Com- Magni-
Colour. Position. Distance. Date. Authority,

ponents. tude.

A ... o ,

B ... AB 343 23 4-33 178181 H^.

A ...

B ... AB 349 1 8-08 182190 H^ and S.

A 4-6

B 6-4 AB 349 54 6*63 182202 e.

A 4 Strong yellow ^-

B 6 Strong blue AB 34716 670 1833-15 2.

A 5 Topaz yellow

B 7 Seagreen AB 346 30(w 8) 6-6 (w 7) 184316 Cycle.

A ... Yellow

B ... White 1845-9 Sestini.

A ... Bright yellow

B ... Flushedblue AB 347 (w/ 5) 6-8 (to 6) 185030 Spec. Hart.

A ... Orange(l)

B ... Greenish(l) 1856-68 AltaVista.

A 5(1) Orange(l)

B 7(1) Slightly greenish (1) AB 347 10 (w 1) 6-55 (wl) 186272 Elchies.

In Magnitude, nearly constant.

In Colour, brilliant and pronounced ; A, nearly always rich yellow ; B, rather

variable, from blue to greenish, and probably light violet.

In Position and Distance, constancy nearly prevails, large errors of observation

being allowed for. The B. A. C. proper motion of A, if unpartaken of by B, would

have decreased the position by 22°, and increased the distance by l"-3 in 30 years;

we may therefore say with confidence that in character the pair is a slow binary.

(11.) a HERCULIS, R.A. H*" 8™ 20^, and D. + 14° 32' 51", January 1, 1862.

Com- Magni-
Colour. Position. Distance. Date. Authority.

ponents. tude.

A ...
o ,

B ... AB 11128 474 1779-66 UK

A ...

B ... AB 121 57 5-05 1803-40 H^.

A ...

B ... AB. 116 36 5-61 1819-60 a.

A ...

B ... AB 119 33 5-29 182174 H^ and S.

i



GREAT REFRACTING TELESCOPE AT ELCHIES, IN MORAYSHIRE. 805

Com- Magiii-

ponents. tude.

A
B

Colour.

a HERCULIS

—

continued.

Position. Distance.

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

3

6-1

3-5

5-5

3-5

5-5

3-3

5-7

3(1)

5(1)

AB 116 6

Egregiously yellow .

.

Intensely blue AB 11828

AB 120 23

472

4-65

4-85

Date. Authority.

1822-2 c.

1829-63 2.

1830-62 Dawes.

AB118 34(w30} 4-994 (w 30) 1830-92 Bessel.

AB 120 20(i«12) 4-980 (to 12) 1833-53 Selander.

AB 119 6 4-94 1834-58 R. Sheep-

[shanks.

AB 119 16(11/ 9) 5-084 (m/ 9) 1835-77 Bessel.

AB11840(m;40) 4-955(i(;40) 1842-53 ScMuter.

Orange....

Emerald AB11842(u;9) 4:-5 (w 9) 1842-57 Cycle.

AB123 32(wl2) 4-99(m/12) 1854-61 Luther.

AB 118 23 (it/ 26) 4-52(wl5) 1856-08 Jacob.

Orange (1) ..

Greenish (1). 1856-68 Alta Vista.

AB119 24(w 7) 4-8 (ic; 5) 1857-63 Spec. Hart.

AB117 22(w34) 4-41 (m/ 17j 1858-04 Jacob.

AB 116 15(iy28) 1861-06

AB 5-196 186
1-06]
1'57]

^' Auwers.

Coppery orange (4)

.

Greenish(4) AB 119 30 (tc/ 2) 4-71 (tf 0-8) 1862-72 Elchies.

In Magnitude, both stars are known variables through one or two magni-

tudes.

In Colour, they are brilliant, well understood, and constant; a small chromatic

equation being allowed for Struve's estimate or ideas of blue and green. I have,

VOL. XXIII. PART II. 5 P
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indeed, heard of a colour-blind friend—of the orthodox order, which cannot per-

ceive any difference between the brightest red and the most brilliant green—say

of another who mistook between some shades of blue and green, " how extraordi-

nary ! what a stupid fellow* he must be ; now, if he had mistaken red and green

there might have been some excuse for him." Yet the sentiment of the world at

large I conclude will be, notwithstanding, that certain varieties of blue and green

are very easily mistaken for each other when viewed under varying contrasts

with other colours.

In Position and Distance, these stars are a caution ; and in Character, who

shall say what they are, though, too, they have been so abundantly observed.

" Fixity," relative, from the earliest time, has been strongly claimed for them

by some good judges; but in that case, what becomes of the reputed accuracy of

the great double star-measurers ; and what is the advantage of their occasionally

publishing their position angles to the i^oth of a minute, and the distances to

the roioo of a second,—when a discrepance of no less than five whole degrees in

position, and half a second in distance, is shown, by thus bringing together

various records of a Herculis, to be a very common error for a long and well

weighted series of observations. What, also, at this rate, is likely to be the value

of a double-star orbit, computed on a small number of observations extending over

no more than a very moderate portion of its periodic time ?

Granting, however, for argument, the imputed relative fixity, these stars

would become, under the B, A. C. proper motion test, " slow binaries;" seeing

that their "position" should otherwise have increased twenty-one degrees in the

last thirty years.

But then, again, other authorities have challenged the truth of the B. A. C.

proper motion in this case, which they considered extremely erroneous ; and the

late Captain Jacob, when at Madras, undertook a series of most carefully

conducted equatorial observations, to ascertain "s^hether the group was, in cha-

racter, optical or physical. These observations have been fully printed by the

Royal Astronomical Society, and resulted in shoAving with remarkable force, in

as far as the agreement of the observations, inter se, could make it, that the

group was not only optical, but that the annual parallax of one member upon the

other was sensible, and even well determined in its amount from the measures.

Yet its full effect, only reached, between its two six-monthly extremes, to one-

fifth of the difference between his mean of measures and that of Dr Luther taken

at nearly the same epoch ; while Dr A. Auwers, on the mean of four observations

on each night, has in the year 1861 a difference, reaching, in the short space of four

nights, to three times the whole extent of Captain Jacob's imputed annual

parallactic effect.

* It was not M. Struve, nor indeed any astronomer whatever, who was thus referred to.
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Had these several able and learned astronomers observed in the pure, trans-

parent, and definition-favouring air of the upper parts of the Peak of Teneriflfe, or

a similar air in any other part of the world,—I feel sure they would not have

racked all men with anxieties, and covered the nature of this star with the

confusion arising from such impossible numerical quantities.

(12.) g HERCULIS, R.A. 17'^ 18^ 56% and D. + 37' 16' 35", January 1, 1862.

Com-
ponents.

Magni-
tude.

Colour. Position. Distance. . Date. Autliority.

A
B

...

AB 300 21
//

2-97 1779-66 HI.

A
B ... AB 306 3-97 1822-4 a.

A 4 Greenish white

B 51

4

Greener AB 307 13 3-60 1830-35 2.

A Bluish white...

B 5-5 Pale emerald... AB 308 54 {w 9) 3-7 (w9) 1839-74 Cycle.

A Yellow
•

B Deeper yellow 1844-4 Sestini.

A
B ...

Greyish

Greenish 1850-5 Spec. Hart.

A
B ... AB 310 30 (w 7) 3-5 (w 4) 1853-39 Spec. Hart.

A
B

White (1)

Bluish (1) ... 1856-58 Guajara.

Elchies.

A
B

4(1)
6(1)

Whitish yellow

Yellowish grey
(2)

(2) AB 310 38 {w 1) 3-62 {w 0-8) 1862-72

In Magnitude, steady.

In Colour, variable ; A varying from white to bluish, greenish, and yellow

;

while B varies from bluish to green, grey, and yellow.

In Position and Distance, "binary" character is confirmed
;
yet so slow a

binary, that it had long been looked on as relatively fixed, and therefore optical,

when micrometer measures were alone looked to. Had, however, the B. A. C.

proper motion test been applied, the true result might have been deduced much

earlier ; for that shows how the stars should have decreased, instead of increased,

their angle of position, and by so much as 18° in thirty years, had they been

optically connected only.

J
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Com-
ponents

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A

B

(13.) 95 HERCULIS, R. A. 17^ 55™ 38s and Deel. + 21° 35' 55", January 1, 1862.

Colour. Position. Distance. Date. Authority.
Mag-
nitude.

AB 265 51

4-5 Greenish yellow

4-5 Reddishyellow AB 262 30

5 Greenish

5 Yellowish AB 262 12

5 Wonderful yellow gr.

5 Egregiously red AB 261 12

5 Yellower

5 Yellow AB 261 6

5'5 Light apple green...

6-0 Cherry red AB 261 48(t(^ 9)

Gold yellow

Gold yellow

Pale green.

Reddish....

Greyish white(2) . .

.

Greyish white(2) ...

Light green

Pink AB 261 11

Greenish

Reddish AB 260 11

Light Apple green. .

.

Cherry red AB 260 30(w7)

_ , , f Y'ellowish with "1

^^^)
1 blue tinge(3) J

„,,. /Slightly reddish 1 ^^ -"'

^^^)
[ yellow(3) ...J

610

619

6 11

6-07

5-8 8

615

6 09

5-6(vj 6)

Date.

1780-69 HK

1828-71 2

182876 2.

1829-62 2.

1832-53 2.

e-l{w 9) 1833-78 Cycle.

1844-5 Sestini.

1851-3 Spec. Hart.

1856*58 Guajara.

1857-42 Fletcher.

1857-45 Wrottesley.

1857-63 Spec. Hart.

4(w 1) 6-29(m/0-6) 1862-72 Elchies.

In Magnitude, slightly variable ; in Colour, excessively variable and periodi-

cally ! This last is both an extreme conclusion and a new one, yet is, I hope,

justifiable by the data, and true in nature. The stars are on the average, it will be

seen, always diversely coloured, one greenish and the other reddish ; and, as at

Elchies I saw them of these tints, I am not colour-blind to them
;
yet when I was in

Teneriffe, on Mount Guajara, observing with the 3'6 inch Sheepshanks telescope,

the stars appeared to me, and on two nights, to be of undistinguishably the same

tint ; some flashes or thoughts of colour were fancied at times., but they were over
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both stars equally, and the mean for each of them Avas little else, or did not

amount to anything more decided, than " greyish-yellow.''

Such then was the equality of nameless colour which I felt bound to assign

to the stars on two nights, though I was comparing them with the Cycle, and

the Cycle only, and the author of that standard book describes A, as being of

a " Light apple-green" colour, and B, " cherry red." On informing my Father

of these results, he called together a number of his observing friends in the follow-

ing summer, and, as detailed in the " Speculum Hartwellianum," p. 317, they

again made one star " green" and the other " red."

My Teneriflfe observations therefore seemed utterly wrong, and without any

precedent, except that Sestini's observations in 1844-5, and given at p. 313 of

the same work, made them both " gold yellow." But might he be colour-blind,

seeing that the reputed tints are precisely those which are confounded by persons

with that peculiarity of vision ? Or again, seeing that both he, and myself on

Guajara, having given nothing but the colours, and not having identified the star-

group beyond all question by making micrometrical observations at the same

time of " Position" and " Distance,"—might we both have got hold of a wrong

star-group ? I could not say anything formerly to these questions, except that

no such suspicion crossed my mind on either of the two nights at Teneriffe, and

when more diflBcult stars still, were found ; but a new view of the whole case

has opened up, on referring, to Struve's original and individual observations in

the " Mensurse Micrometricse."

In his mean result for the pair, he agrees nearly with all the rest of the world,

by calling one star " greenish-yellow," and the other " reddish-yellow ;" but

appended to his single observations we find as follows,

—

In 1828'7l A is Greenish-yellow, and B Reddish-yellow.

In 182876 A is Greenish, and B Yellowish.

In 1829-62 A is Yellow-green and B Egregiously red,

with the note that the colours are " wonderful."

I But in 1832-53 A is simply described as " yellower" than B ; from which it would

seem that they were then both yellow ; but one, a more pronounced hue of that

colour than the other.

Now, on each of these four occasions, Struve measured both " Position" and
" Distance," thereby proving the identity of the star-group. He also, three times

I over, demonstrates himself capable of distinguishing, or being affected by, green

and red colours, even to an extreme degree ; and yet this same, and most able

i man, with the same powerful telescope on the fourth and last occasion, sees these

distinguishing colours gone, and the two stars reduced to an almost equality of

' colour. A case so observed cannot be slighted, and it forms the third occasion

(the first in point of date) on which such a phenomenon has been noticed with

95 Herculis ; let us inquire what interval of time separates the manifestations :

—

I VOL. XXIII. PART 11. 5 Q
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Struve's occurred in . . .
•

. 1832-53

Sestini's occurred in . . . . . 1844-5

My own occurred in . . . . . 18 56 58

or, a period of twelve years, exact almost to the tenth of a year, separates each

of these apparent anomalies. Unless then some most extraordinary combination

of errors has occmTed, we have stumbled here on a perfectly unexampled case of

periodical change of colour in two stars, and a change which, in the course of

its cycle, goes through most conspicuous phases.

So far as I know, this conclusion for the stars is quite new ; Struve, did

indeed, in his note at p. 98 of the " Mensurse Micrometricae," remark something

entirely unusual affecting these stars, and distinguishing them from all others

that he ever observed ; and I cannot but think that he meant to allude to some-

thing more than the mere average diversity of their colours one from the other,

for that is not an unusual feature amongst double-stars ; but what it may have

been, does not appear.* At all events he does not make, and at that period had

not observations to give him any hint or clue to a periodic time of change.

In Position and Distance, something is also determinable from our observa-

tions : for even so late as 1860, the " Spec. Hart.," a high authority, speaks of the

established " fixity of this optical pair." Yet a glance at our collected table of re-

sults, beginning with Sir William Herschel, and ending with Elchies, sufficiently

demonstrates that a slow retrograde movement in position angle is going on, at

the rate of about 2° in fifty years, without any sensible change of distance ; a

feature at once of true Unary movement. This character too, is further confirmed

by the B. A. C. proper motion test ; for according to that, if the stars were opti-

cally connected only, the position ought to have decreased 14^", and the distance

increased 1", in thirty years, which is absurd. Our new conclusion therefore of

binary character for this pair seems confirmed, and is of infinite importance in

considering the periodical A^ariations of colour which its members undergo.

(14.) 70 OPHIUCHI, R.A. 17*" 58°^ 28% D. + 2° 32' 32", January 1, 1862.

Com- Maerni- ^ ,

, , Y Colour,
ponents. tude.

A
B

Position. Distance. Date. Authority

AB 90 6 a'b 1779-77 B}.

AB 318 48 2-56 1804-41 B}.

A
B

* Struve's note is as follows :

—

" Colorum diversitas ex singulorum dierum consensu indubia est. Probe notandum est has

colorum notationes sine ullo prsejudicio esse factas, cum in tot stellis duplicibus observandis occu-

patus, nunquam recordarer, quid peculiaris in hoc illave notaverim. Eadern colorum relatio etiam

a H^ et S. est reperta, scilicet priorem esse flavescentem, posteriorem non. Eadem denique in

observationibus per instrumenta meridiana ssepius annotavi. Insignis est differentia lumiuis in stelH

ejusdem proximo splendoris."
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70 O^mVCKl—continued.

.' ' ^^' Colour. Position. Distance. Date. Authority.

A 4-1 Yellow
B 61 Purple AB 148 13 3-98 1825-57 2.

A 5

B 8 AB129 18(m/7) 6-98 (w 10) 1836-7 H2.

A 4-5 Piile topaz

B 7 Violet AB12224(w9) 6'64(w6) 1842-55 Cycle.

A ... Gold yellow

B ... Gold yellow ... 1845-9 Sestini.

A ...

B ... AB 119 42(1^6) 6-80 (w/ 5) 1847-48 Spec. Hart.

A ... Topaz yellow

B ... Purplish ... 1849-5 Spec. Hart.

A ...

B ... AB11454(m/8) 6-50 (w 5) 1852-44 Spec. Hart.

A ... Pale yellow (1)

B ... Greenish (1) ... 185658 Guajara.

A 4-1 .

B 6-1 AB 105 59(w 22) 6-209 (w22) 1861-74 Auwers.

A 5(1) Yellow (4)
B 7(1) Light Indian red (4)... AB108 28(i«2) 6-12 (w 0-8) 1862-73 Elchies.

A celebrated binary star of about ninety years' period, and with perturbations

from a supposed large accompanying planet.

In Magnitude., steady ; in Colour, A, constant ; but B, variable through yellow,

green, violet, purple, and red, though in a period not yet ascertained.

(15.) ;; SERPENTIS, R.A. 18^^ 14™ lOS D-2° 55' 36", January 1, 1862.

r
t H

' Colour. Position. Distance. Date. Autliority.

A ... ^ ,

B ... AB 99 7 81-04 1780-47 H^.

A 4 Golden yellow

B 13 Pale lilac. AB 76 54 (t<; 5) 110-9 (w 3) 1835-61 Cycle.

A 3-3 Yellow
' B 12-0 AB 77 11 112-70 1836-46 2.

A 4 (1) Yellow (1)

B 12 (1) Bluish (1) AB7015 (m/0'8) 13316(u/ 0-6) 1862-74 Elchies.
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In Character, an optical pair, experiencing much proper motion relatively.

Comparing the mean of the Cycle and 2 with the Elchies observation, and

computing therefrom the annual proper motion of A upon B, it comes out

In R.A. - 0"-60, and in D. + 0"-76
;

the British Association quantity for A being

In R.A. - 0"56, and in D. + 0"-65.

(16) a LYR^, R.A. l^" 32™ 14^, and D. + 38° 39' 8", January 1, 1862.

I , ^5 ' Colour. Position. Distance. Date. Autiiority.

B ... AB 116 14 42-99 1792-32 H^.

A
B ... AB 132 7 42-11 1822-87 H2 and S.

A 1 Bluish white

B 10-5 AB 137 51 42-96 1836-14 2.

A 1 Pale sapphire ...

B 11 Smalt blue AB 140 18 (w 9) 434 (m;9) 1843-34 Cycle.

A ... White
B ... Violet 1856 58 Guajara.

j' White, with spuri-

A 1 (2) -; ous outer violet

( rays (3)
B 11(1) Reddish lilac (3) AB149 38(w2) 4591 (t<; 1) 1862-73 Elchies.

In Character, an optical pair, influenced relatively by proper motion.

In Magnitude, probably steady ; but I could say little else of A at Elchies,

than that it was the most gorgeous, glorious, and brilliant star I ever had the

privilege of beholding in a telescope, and there was nothing else with which I

could approximately compare it.

In Colour, they may also be steady ; for, as to the reddening appearance of B

at Elchies, it may have been an ocular effect, in deference to the spurious out-

side violet rays of the great star A. (See p. 374.)

In Position and Distance^ the Elchies measure being compared with the mean

of Struve's and the Cycle, gives for the annual proper motion of A upon B

In R.A. + 0"-28, and in D. + 0"-30,

while the British Association Catalogue gives for A
In R.A. + 0"-30, and in D. + 0"-28.

an unexpectedly close approach.
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(17.) 28 AQUIL^, R.A. 19^ ISm 14=, and D. + 12° 7' 22", January 1, 1862.

pSe^ts. ^tude!"
^°^°''''- Position. Distance. Date. Authority.

j^ ...

B - AB 176 54 60-01 182219 a.

A 6 Pale white

B 10 Deep blue ,ABl75 42(w8) 59-8 (ly 5) 1831-42 Cycle.

A ... White

B ... Yellow 1844-5 Sestini.

A ... Dusky white

B ... Lilac blue 1851-4 Spec. Hart.

A 6-2(3) Yellowish (1) ...

B 10-0(3) Purplish (1)

C 170(2) Bluish (1) AC102 25('

B 10-0(3) Purplish(l) ABl7638(t«l) 60-97 (t. 0-6) "l ,..0-72 Flrhie.'

<0-4) 67-35 (w 0-1) J
^^^^ '^ -Llchies.

w\

In Character, uncertain, owing to the paucity of observations yet made ; and

the new determination of the proper motion of A.

^ The Elchies telescope picked up and observed a new star, C, which may be

useful in determining the proper motion of A or B, or both.

(18.) 8 AQUIL^, R.A. 19^" 18^ 31^, and D. + 2° 50' 25", January 1, 1862.

Com- Magni-
Colour. Position. Distance. Date. Authority,

ponents. tude. •'

A 3-5 White
^ ,

'

^^

B 120 Livid AB 259 18 (it; 1) 96-5 (wy 1) 1833-62 Cycle.

A 35
)

B Not seen I 1856-58 Guajara.

14 I

A 3-5 (2) Faint yellow

B 16 (2) Bluish

C 14 (2) Bluish AC
B 16 (2) Bluish AB 275 35 (..;0-3) 95-78 (t. 0-2)

]" 114 15 (w 0-3) 193-94 (to 0-2) ]
^"^^'* i^lcmes.

In Character^ uncertain at present.

In Magnitude, A seems steady ; but B, both by the Guajara and the Elchies

observation, has decreased ; while C may be constant.

In Position and Distance, the Elchies observations do not confirm the B. A. C.

proper motion test for A ; but then they are excessively rude and little trust-

worthy, and future observers of A should measure it carefully both from

B and C.

VOL. XXIII. PART II. 5 R
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(19.) 128 ANSERIS, R.A. 19^ 20™ 26^ and D. + 19° 37' 12", January 1, 1862.

Com- Magni-
Coloiir. Position. Distance. Date. Authority

ponents. tude. •'

A 5-5 Egregiously golden,. ^ , ^^

B 10-3 AB 43 35 22-65 1829-40 2.

A 6-5 Topaz yellow

13 Deep blue AB 44 48 (w 3) 25-0 (w 1) 183358 Cycle.

A 6-5

B 13 AB 45 estim. 25 estim.

C 11 AC 320 estim. 70 estim. 1856-58 Guajara.

A 6-5(2) Orange (1)

B 13-0(2) Violet (1) AB 41 2 («; 1) 22'73(m/0-3)

C 12-0 (2) Blue (1) AC 319 55 (ly 1) 68-7(iw0-2) 1862-71 Elchies.

In Character still uncertain, from the scantiness and rudeness of the obser-

vations.

(20.) /3 CYGNI, R.A. 19^ 25^ 9% and D+ 27° 40' 20", January 1, 1862.

onpnts tu^p^"
Colour. Position. Distance. Date. Authority.

A
B ... ...... AB 54 52 34-83 1782-45 H.

A ...

B ... AB 54 31 34-28 1800-00 P.

A ...

B ... AB 54 30 34-29 1821-76 ffinC.

A ...

B ... AB ... 34-81 1822-72 e.

A ...

B ... AB 54 45 34-38 1822-98 H^ and S.

A ...

B ... AB 55 32 34-51 1830-54 Dawes.

A ...

B ... AB 55 24 3420 1830-81 Cycle.

A ...

B ... AB 55 38(1(^28) 34-327(28) 183181 Bessel.

A 3-0 Yellow

B 5-3 Blue AB 55 44 34-29 183218 2.

A 3 Topaz yellow

B 7 Sapphire blue AB 55 36(?o9) 34-40(^9) 1837-58 Cycle.

I



GREAT REFRACTING TELESCOPE AT ELCHIES, IN MORAYSHIRE. 405

/3 CYGNI

—

continued.

Com-
ponents.

Magni-
tude.

Colour. Position. Distance. Date. Authority.

A
B •• AB 55 24 (w 40) 34-554 (w 40) 1842-88 Schluter.

A
B

Orange gold.... \
Azure j

1844-5 Sestini,

A
B

Golden yellow .
"1

Smalt blue
J

1849-6

A
B AB 56 12 (w 8) 34-10 (lu 5) 1854-67 Spec. Hart

A
B AB 55 12(wl2) 33-872 (w 12) 1855-84 E. Luther.

A
B

Pale yellow

Blue 1856-59 Guajara.

A
B

Rich yellow

Brilliant blue AB 55 25 34-37 1857-42 Fletcher.

A
B

Golden yellow ....

Greenish blue AB 55 16 34-56 1857-47 Wrottesley

A
B

3-0

5-0 AB 55 20 (ly 20) 34-383 (w 20) 1861-76 Auwers.

A
B
C
D

1

1,

3*0

7-0

5-3

5-0

Yellow (3)

Bluish green (3) .

.

Blue (3)

Blue (2)

AB 55 28(iy2)

AC 340 2{wl)
AD 33 45(w0-5)

34-50 (w 1)

62-03(^0-5)
108-44 (lu 0-2) 1862-72 Elchies.

In Mag?iitude, B is supposed to be slightly variable.

In Colou?% there would seem to be yellow pulsations ; at their maximum
converting the single yellow of A into golden yellow, and the blue of B into

greenish blue, and even bluish green.

In Position and distance these stars present one of the most remarkable

instances ever met with of near conformity between all ages, countries, observers,

and instrumental methods. Only once, in the whole series, does the second of

"distance" alter; and only once, excepting in the earlier examples when there

may be a cosmical reason for it, does the degree of " Position" change

!

I

In Character, the pair may be a slow binary ; for though the B. A. C. proper

motion test has barely sensible effects, yet they are precisely opposite to what

,
seems to have occurred ; i.e., they should have kept the Position constant, but

I

.decreased the distance by \" in thirty years ; but in place of that the Position

seems sensibly to have increased, in sixty years at least, and the distance to have

remained constant.
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The two small stars picked up at Elchies may be useful in future inquiries

into these conditions,

(21.) ^ SAGITTiE, R.A. IQi^ 42^ 52S and D. + 18° 47' 57", January 1, 1862.

°™r .
'^^^' Colour. Position. Distance. Date. Authority.

A ... o ,

B ... AB 304 10 8-83 1781-88 H^.

A 5-2

B 9-7 AB 309 15 858 182265 a.

A ...

B ... AB314 32 882 1823-69 Hg and S.

A ...

B ... AB 318 26 9-81 1829-63 E.^

A 57 Green white

B 8-8 Blue AB 312 50 8-49 1831-10 2.

A 5 Silvery-white

B 9 Blue AB312 18(i«;9) 8-6(w9) 1838-67 Cycle.

A ... Yellowish-white

B ... Azure 18445 Sestini.

A ... Yellow(l)..,

B ... Blue(l) 1856-68 AltaVista.

A 5-2(3) Whitish(3)

B 9-7(3) Violet (3) AB313 19(m^2) 8-66(tt^l)

C 15-0(3) Blue (3) AC 250 42 (t'.l) 71-35 (ic»0-5) 1862-73 Elchies.

In Magnitude, a variation of one magnitude seems probable.

In Colour,K variable from white to yellowish; but B constant.

In Position and Distance these stars have been a sore puzzle ever since their

first discovery, and are nearly a converse to ^ Cygni, for they form a pair of

which hardly any one succeeded during half a century in obtaining a tolerably

accordant measure. Differences, indeed, of 14° in angle of position, and 1"*5 in

distance, seem to destroy all our accustomed faith in the skill of double star-

observers and our belief in the superior closeness or accuracy of their measures

:

yet all these symptoms of movement of some sort, notwithstanding, one of the

most recent (1860) standard published authorities describes the true conclusion

to be that the stars are relatively " fixed," and in " optical relationship beyond

all reasonable doubt."

This conclusion is however negatived by the B. A. C. test of proper motion,

which in such case would demand a decrease of position to the extent of 21°, and

increase of distance to \"-2 in thirty years, a result which the Elchies observation

declares emphatically has not taken place. A and B should therefore from this
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indication be slow binaries ; and the micrometer measures fully considered would

appear to tend towards the same conclusion, with the addition that the motion is

direct on the whole, but largely perturbed by an accompanying dark body. This

latter interesting result is somewhat strengthened by reference to Struve's indi-

vidual observations, which are thus :

—

Pos. 312 12 Dist. 8-78 Date 1828-71

312 30 8-71 1828-72

314 8-29 1829-84

313 36 815 1832-76

312 30 8-43 ] 832-79

312 12 8-50 1833-78

And where, though the discordance of the H2 observation of 1829-63 cannot be

altogether explained, yet the mass of it is seen to occur agreeably with Struve's

largest position. No such large disturbances have been observed lately, it is true

;

but then, as the period of perturbations would seem likely to be something very

short, as five or ten years, it is quite possible that the crucial points of the orbit

have been passed over, unattended to, so few and far between have been the

modern observations.

(22.) a AQUIL^, R.A. 19^ 44'° 2^, and Decl. + 8° 30' 5", January 1, 1862.

°™I \ A Colour. Position. Distance. Date. Authority,
ponents. tude. '

B ... ...... AB 334 44 1(4)3-40 1781-56 ff

A ...

B ... AB 326 6 15371 1821-85

A ...

B ... AB 325 48 15337 1823-11 H, and S.

A 1-5 Pale yellow

B 10-0 Violettint AB 323 6(w/8) 152-6 (w 5) 1834-81 Cycle.

A 1-5 Yellowish white

B 10-2 AB 322 6 152-37 1836-29 2.

A ... Pale yellow (1)

B ... Grey(l) - 1856-68 AltaVista.

'a 1 (2) Yellowish white (2) ..

B 10-5(2) Reddish white (2).... AB 316 0(wl) 155-75 (w/ 0-5) 1862-73 Elchies.

In Magnitude, probably steady.

In Colour, also probably steady, the apparent reddening of the companion

being explainable under the hypothesis given at pages 874 and 402.

In Position and Distance, some uncertainties have hitherto prevailed. It is a
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difficult pair no doubt to observe, on account both of the difference of size in the

components and their great distance apart ; and some error, perhaps a typical

one, seems included in the Hi distance. But putting that on one side, there is

running through the whole period, a large and rapid change of position angles

with very little change of distance. Now this would in most cases be at once

put down as indicative of the distinguishing features of Unary, as contrasted to

proper, motion : but in that case what an angular subtense for a stellar orbit,

something like 5' of space altogether ; or 5 times as large as the utmost stretch

ever given to a Centauri, hitherto known as the largest orbit presented by any

star-system in either Northern or Southern hemisphere of the sky. The case

therefore requires caution; while both the Cycle in 1844, and the Spec. Hart, in

1860, think that the question is still an open one ; and at the latter date, that

"years must yet elapse" before it can be either confirmed or contradicted.

The Elchies observation however helps us to a conclusion at once ; for, taking

that as the later date, and for the earlier one the mean of the four sets given

l)etween 1821 and 1836, which must surely give a good determination for its

mean epoch, and computing thence the annual proper motion, we find that it

chances to be in such a direction as to alter the position much and the distance

little, giving finally for the proper motion of A on B in a straight line.

In R.A. + 0"-57 and Decl. + 0"-36,

while the absolute proper motion of A, as determined by Meridian Instruments,

and recorded in the British Association Catalogue, is

In R-A. + 0"-51, and Decl. + 0"-38.

So remarkably near an agreement as this, must, I think, be held to settle now
beyond all cavil, that

—

In CharacMr, this is an optical pair only.

(23.) 7 DELPHINI, R. A. 20'^ 40™ 17^^ and Decl. + 15" 37' 54", January 1, 1862.

"
.^

°"
Colour. Position. Distance. Date. Authority,

ponents. nitucle. '

A ...
e ,

B ... AB 274 9 11-82 177974 H-.

A ...

B ... AB 273 13-50 1800 P.

A ...

B ... AB 273 26 11-83 182334 a

A ...

B ... AB 273 43 12-31 1823-68 H^ and S.
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7 BELFIUNI—(continued).

Com-
ponents.

Mag-
nitude.

Colour. Position. Distance. Date. Authority.

A
B AB 273 20 12-02 1830-57 Dawes.

A Goldeu

B Bluish Green AB 273 45

AB 272 53(tc/28)

11-90

12-016 (w 28)

1830-89

1830-89

2.

A
B Bessel.

A
B AB 273 7{w 24) 12-045 (w 24) 1834-76 Bessel.

A 4 Yellow

B 7 Light emerald .

.

AB 273 18 (w 8) 11-8 (iu7) 1839-71 Cycle.

A
B AB 272 48{iu4:0) 11-943 (w40) 1842-63 Schliiter.

A
B

... Orange

Yellow :::: 1844-45 Sestini.

A
B ...

Golden yellow ..

Flushed grey 1850-7 Spec. Hart.

A
B AB 272 55 (w 4) 11-530 (iu4) 1853-83 Peters.

A
B

...

AB 273 8(io20) 11-521 (m/20) 1856-52 Luthers.

A
B

... Cadmium yellow (1)

Greenish tinge (1).. 1856-68 Alta Vista.

A 3-4

B 4-9 AB 272 5(i(;30)

11-806 (w 22)

1861-07

1861-38
vAuwers.

A
B

4-5 (2) Pale yellow (2)..

7 (2) Sliglitly greenish '(i) AB 272 45 (lu 1) 11-15 (it;0-3) 1862-72 Elchies.

In Magnitude, not quite constant.

In Colour, both A and B seem to undergo yellow pulsations.

In Position and Dista7ice, there is much still unsettled. Struve expressly says,

no alteration in angle : and the Cycle, decides on " fixity." But Dr A. Auwers
claims a small decrease of distance ; and I think that he is not only right there

(though the Elchies observation is probably a very bad one), but that the same

change has been taking place in Position. In the British Association Catalogue,

proper motions to a considerable extent, and nearly in the same direction, are attri-

buted to either star ; this looks like a binary connection, and if the difference of

those proper motions is not exactly borne out by the Positions and Distances

observed, we can at least say, that the whole proper motion of one most assuredly
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does not display its effect on the other, as though it were distant and in optical

connection only. Hence,

In CharacMr^ this pair is probably a slow binary, and with its orbit viewed

at a small angle.

(24.) 452 CYGNI, R. A. 20*" 57" 4^, and Decl. + 38' 58' 0", January 1, 1862.

Com- Mag-
Colour. Position. Distance. Date. Authority,

ponents. nitude.

A 7 Deep yellow
^ ^

B 11 Emerald hue AB 297 (w 3) 17''o (w 1) 1832-87 Cycle.

A 6 (2) Reddish orange (2)

B 10(2) Greenish (2) AB 300 33 (m; 2) 1939 {w 1)

C 13(2) Bluish (2) AC 86 53(m/1) 98-87 (w 0-4) 1862-73 Elchies.

D 15-5(2) Bluish (2) AD138 54(wl) 54-76 (w 0-2)

Further observations should be accumulated before any conclusions are ven-

tured on, as to the character of this group. At present it merely offers an

example, by the two additional stars introduced, of the happiness of reobserv-

ing an ancient stellar object with a larger telescope than before employed upon it.

(25.) 1 PEGASI, R.A. 21^ IS"* 43^, and D. + 19° 12' 56", January 1, 1862.

'.

i A
' Colour. Position. Distance. Date. Authority.

A ... ^ ,

B ... AB 308 19 37-10 178069 H^

A 4

B 9-5 AB 310 (a3 24-70) 1823-87 e.

A 4 Pale orange

B 9 Purplish AB 310 48 (ic/ 8) 36-4 (w 5) 183395 Cycle.

A 4-5 Strongly yellow

B 8-6 AB31115 36-20 1835-86 2.

A ... Orange

B ... Azure 1844-5 Sestini.

A ... Deep yellow

B ... Lilac blue 1851-4 Spec. Hart.

A ... Rich yellow (2) ...

B ... Purplish blue (2) ... 1856-68 AltaVista.

A 4-5 (2) Yellowish (3)

B 9-0(2)Grey (3) AB 311 16 (w 2) 3709(w0'5)
C 14-5 (2) Blue (3) AC 22 59 (ii; 1) 80-73(m^0-3) 1862-72 Elchies.

In Magnitude, nearly steady.

In Colour, the same.
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In Position and Distance, showing some binary character, which is confirmed

by the B. A. C. proper motion test. This should, however, be confirmed eqiia-

torially by future measures of the Elchies star C.

(26.) 3 PEGASI, R.A. 21^^ 30'" 51^, and D. + 6° 0' 2', January 1, 1862.

Com-
onents

Magni
tude.

A
B

A
B

A
B

...

A
B

...

A
B

6

7-4

A
B

6

8

A
B

A
B

A
B

A
B

6 (3

7-3(3

Colour.

White

White

White
Yellow

Flushed white

Greyish

Whitish (1)

Warm grey (1)

.

Position. Distance Date. Autliority.

AB 35°2 48 34-72 1782-76 H,.

AB 350 48 36-90 1800-00 P.

AB 350 30 39-21 1821-54 <s.

AB 348 58 39-52 1823-79 Hg and S.

AB 349 26 39-15 1834-91 2.

AB 349 30 {w 8) 39-3 (w 8) 1837-81

1844-5

1850-5

1856-68

Cycle.

Sestini.

Spec. Hart

AltaVista.

6 (3) Greyish green (3)
7-3 (3) Lilac tinge (3) AB 350 19 {w 1) 41-69(1^-0-3) 1862-73 Elchies.

In Magnitude^ steady.

In Colour, A nearly steady ; but B, very variable.

In Position, nearly constant, but in Distance^ undergoing a sensible

more observations are however needed to confirm the conclusion.

mcrease

(27.) 312 PEGASI, R.A. 21^ 45™ 6= ; Decl. + 19° 10' 53", Jan. 1, 1862.

Bonentq nitnde
Colour. Position. Distance. Date. Authority.

A 6-5 White
B 14-0 Blue AB 95 (w 1) 15-0 (v.; 1) 1838-66 Cycle.

7 (2) Yellowish (1)

15 (2) Bluish (1) AB 92 28 (t<; 1) 20-49 {w 0-5)\

17 (2) Bluish (1) AC 323 34 (w 0-5) 21-94 [lu 0-3)

15-5(2) Bluish (1) AD 193 48 (w 0-4) 81-66 {%u 0-2)

17 (1) Bluish (1) AE 355 52 (w 2) 128-40 \iu Q-l)

18 (l)Bluish(l) AF308 52 (m; 0-2) 107-00 (w/ 0-1)^

VOL. X^'III. PART TI.
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The Elchies telescope was turned upon this object, because the description in

the Cycle seemed so pointedly to define when the Cycle telescope stopped in

making out small stars,—viz. decidedly below Sir John Herschel's 20-foot re-

flector,—that it seemed an excellent opportunity for ascertaining whereabouts the

Elchies telescope, worked by an eye very probably much inferior to both the others,

would come.

The Cycle describes the group as "a most delicate double star in a barren

field ; and that it " is No. 947 of H's 20-foot sweeps, and classed triple, having a

minute comes in the np, of the 17th magnitude. But this I ' (Cycle)' could not

manage to get a sight of, notwithstanding the coaxings exerted."

The Elchies telescope, however, not only showed the above double-star, but

also Sir John Herschel's C, still existing in the relative place which he pointed

out ; and in addition to that, several other and previously unrecorded stars, as

the D, E, and F of our list ; and the truth of their finding has been since testified

to in an uncomplimentary, but, for the truth of a scientific fact, a most unexcep-

tionable manner, by the Rev. W. R. Dawes, in the Astronomical Society's

Monthly Notices for December 1862, page 79, paragraph 3.

(28.) 2841 2, R.A. 21i^ 47'" 46=, and Decl. -t-
19° 2' 53", Jan. 1. 1862.

Com- Magni-
Colour. Position. Distance. Date. Authority,

ponents. tude.

A 65 Conspicuously yellow..
^ ^ ^^

B 80 Blue
". AB 111 2 2221 182946 2.

A 6-7(3) Yellow(3)

B 8-7(3; Lilac(3) AB 110 58 (jc 2) 22-46 (/«/ 1) 1862-73 Elchies.

The previous star. No. 27, the penultimate of our list, gave some fair indi-

cations of the abundant light-transmitting power of the Elchies telescope ; and

the present star, the ultimate member of the same list, happens curiously enough

to close our little record of the trial of Mr Grant's large telescope, with data

having reference possibly to the power of accuracy or agreement with standard

authorities in each of the four telescopic phenomena usually noted with every

considerable double star.

The case would of course be infinitely more satisfactory, if there had been

several observations by earlier authorities to refer to, and prove thereby whether

this was a stationary or changing group ; but I knew of none such at the time, and

did not even know of this one until after I had left Elchies, and had communi-

cated my own measures to my friend, Professor Grant, of the GlasgOAV Observa-

tory,—and he discovered that they must apply to Struve's star. No. 2841.

The whole case occurred in this manner. I had been so long one evening writ-

ing down some of the particulars observed about the star 312 Pegasi, that when

I went back to the telescope the equatorial driving clock had run down, and the

star was gone. But on looking through the chief finder, lo ! there was in its place

J
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a different and a conspicuous double star near the boundary of the field ; and on

bringing this stranger into view with the great telescope, it prqved quite a

splendid object, which I measured, as recorded above ; and was much surprised

to find that there was no mention whatever of its existence in the " Cycle," which

mas my only hook of reference at the time. I wrote, therefore, to Professor Grant,

when on my road home from Elchies, sending him these observations, and saying

that the star was new to me, and foreign to the " Cycle," but so brilliant and

richly coloured, that it could hardly have escaped all former observers. But then

it was, that the Scottish historian of astronomy soon identified the star for me

with Struve's 2841 ; and assisted in establishing, in as far as two observations

alone can establish, that an Elchies measure whether in magnitude, colour, posi-

tion, or distance, is not unworthy to stand side by side with an equally small

fragment of the noble work of the great Russian astronomer, the maker of

Dorpat's fame, and the founder of Imperial Pulkova.

Part C.—General Deductions.

Part C.—1. Instrumental Qualities.

When the recorded particulars, of what was done with the Elchies telescope

during my period of trying it, extend through so many pages as the preceding, a

few words on the final results of the whole may not be out of place.

Now, firstly, and most conspicuously, it was by general consent a big tele-

scope,—viz. with an object-glass of 11 inches in diameter. Was it found, then, to

possess optical advantages commensurate with that size ?

This is an important question to many parties ; for mere size, without other

advantageous qualities, will only prove a drawback, and of a very positive and

incommodious character in the use of any instrument ; and while size and its

expected power form the chief point upon which tlie general public desires to be

informed, it is also one where amateurs are often exceedingly sensitive; for many
a man who has in his day provided himself with one of the largest object-glasses

of that period, is not particularly delighted when a detir friend, only a few years

i afterwards, profiting by the manufacturing progress of the age meanwhile, is

I enabled with ease greatly to exceed him.

It has recently been said too, by a gentleman who has had possession for

! many years past of an 8'5-inch object-glass, and with reference to this present

I

testing of the 11-inch telescope of Elchies, that you can always,—without any

j

looking through at the heavens, and by merely measuring with a carpenter's rule

the area of any big object-glass,—compute quite near enough what is the smallest

isolated star it will show, if its composition be but decently good ; that actual

astronomical observations to such an end, are therefore idle and useless ; and
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finally that, as to the small stars picked up by the Elchies instrument, in a trial

of that kind, round about 312 Pegasi, No. 27 of our list, he, the objector, had

since quite rapidly identified them all with his 8*5-inch glass.

The mere measure, however, of the area in inches does not satisfy every one

thus easily, as to each of the many varied star-showing properties or failings of a

large object-glass: and the identification quoted above, leaves perfectly untouched

two most important data in the problem, viz., Ist, The different quality of the two

observers' eyes in the two cases, and they may be most extraordinarily different

in vigour, sharpness, sensibility or other important optical bearings ; and, 2d, The

fact that the one observer discovered and micrometrically measured the objects,

while the other merely identified them from these measures when printed, and

placed in his hand. Much is also due on every occasional trial, to the light-trans-

mitting and defining power of the atmosphere at the place ; whence, a long

series of observations, giving a general mean, should be more convincing than

some one special and particular attempt.

Now in the " Cycle," there is a grand mass of evidence of what a good eye was

enabled to do, on the average of many 3^ears, in an English atmosphere, with a

5-9-inch object-glass ; that book, therefore, I make my honoured point of reference

in the three following cases :

—

First, Avith a 3-6-inch object-glass I have worked for many nights at the

' Cycle" objects in the clear atmosphere of Mount Guajara, but could not,

with all my pains, and with all the advantages of that pure and well-defining

atmosphere, see all, or by any means all,. that the Cycledescribed.

Second, with a 7'25-inch object-glass, I have similarly worked away at the

same subjects, and saw without difficulty, anomalies excepted, every feature

described in the Cycle ; but I hardly saw anything more.

Third, with the Elchies 11 -inch, in the bad Elchies atmosphere, I similarly

saAv, not only without difficulty, but with ease, whatever, even most minute, was

described in the Cycle ; and beyond that saw and measured, in not a few cases, (I

do not say that they were well defined or adapted for making good measures,)

other small stars that had neither been described in the respected pages of the

Cycle, nor seen with the 7'25-inch object-glass in the purer climate of Alta Vista.

Here therefore is proved, and in an intensely practical manner, the advantage

of size generally; also, that together with its superior dimensions, the great

Elchies Telescope really has increased optical power proportioned worthily

thereto, for distinguishing small isolated stars, whether their existence has been

already recorded or not ; while the pleasure and satisfaction its use on that

account alone imparted to me, is what only an ardent, and previously often foiled,

observer can fully appreciate. What would such an instrument not have done

in absolute stellar discovery, if the sharper eye of him with the 8-5-inch object-

glass, had been employed in utilizing its admirable manifestations

!
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The next question will be, as to the defining power of the telescope.

This I believe to be good, though the atmosphere was almost invariably so

disturbed, that I never could try any very severe test. On one, however, of the

only two occasions on which there was good atmospheric definition, I was look-

ing at 7 Andromedse, and had most admirable proof that the smallness of the discs

of the stars was just as it should be, with an excellent quality of object-glass of

the given size; for, while the Cycle 5-9-inch just barely notched the oblong spot

of light formed by the two close stars B and C; and while the Pattinson 7'25-inch

on Teneriffe showed them separate, with a black line between them, but yet with

their discs mutually compressed on the adjacent sides, and without which com-

pression they must have touched,—the Elchies 11-inch showed them completely

separated, and perfectly round ; the distance apart of the two stars being about

0"*6, and being believed to have been constant through the three observations.

To these optical advantages, depending on size accompanied by excellence,

the Elchies telescope also realized, and showed that there is great satisfaction to

the observer in fully experiencing the mechanical advantages of greater steadi-

ness of motion, freedom from tremors, or disturbance by wind, and constancy''

of zero points,* as necessarily imparted by a large and heavy instrument, than

trifled with by all the smaller and lighter ones ever used hy the same ohserver.

Part C.— (2.) Gosmical Results.

The series of these Elchies observations is too small to expect much from them

of this order in the present very advanced condition of sidereal astronomy ; but

still I do trust that faithful labour with so powerful an instrument has not gone

altogether unrewarded.

Beginning with the first of our four telescopic observed quantities, viz., Mag-

* The instances in Correction-Table II., p. 377, having been further examined for the often

reputed effect of absolute position angle in biasing more or less the estimation of any observer in

both position and distance, have given some indications of a small correction of that nature, varying

with the position, being required as below ; the distances having been first corrected for a probable

residual error, both of run of micrometer and method of measuring;, amounting at a distance of 5" to

+ -04", at 10" to -f-'Ol", at 15" to --03", at 20" to --08", and a^t 25" to --13".

Position
Correction in

Position
Correction in Position

Correction in

Angle. Position. Distance. Angle. Position. Distance. Angle. Position. Distance.

o

-13 + •07 120 + 4 -01 240 6 -•03

20 - 9 + •07 140 + 4 -•02 260 - 3 -•02

40 - 4 + •06 160 + 3 -•03 280 - 6 •00

60 + •04 180 + 3 -•04 300 -10 + •02

80 + 2 + •03 200 + 2 -•04 320 -13 + •04

100 + 3 + •01 220 + 1 -•03 340 -15 + •06

120 + 4 - 01 240 -•03 360 -13 + •07

These corrections, though regular, are so small, compared to the ordinary error of individual

observations, that they have not yet been applied in any case.

VOL. XXIII. PAKT 11.
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nitude, No. 18, b Aquilse, discovers a change of magnitude in its B ; No. 7, 222

Arietis, if not the same in its A, at least rectifies a standard book on a test star
;

and the new small stars found around Nos. 3, 17, 20, 21, 24, 25, and 27, promise

to form useful points of reference, touching proper-motion determinations by

equatorial observers, such as are much required towards the full understanding,

or for the due classification of those stars, according to character.

In Colour something more has been done ; for variations of colour in several

stars have been shown to be real and extensive, sometimes affecting both mem-

bers, and sometimes one only, of a double-star; and in No. 13, the changes are

regularly periodical. This case is new, and, if true also, must be of extraordinary

importance even in days of " spectrum analysis." It is new, for putting on one

side the changing colours of those strange isolations, the temporary stars, and

certain degrees of change in tint of stars variable in brightness at the time that they

are varying,— the best astronomical writers, from Sir John Herschel downwards,

seem to allude to the colours of stars as so many " statical " facts ; things to be

once well determined by eye or by spectrum, and then stored away in classified

lists, or printed in books for permanent reference like the colours of minerals or

precious stones. But with our No. 13, or 95 Herculis, its two stars are neither

temporary nor variable in magnitude, and yet they change and change exceed-

ingly in colour ; their contrasted colours are not the effect of the light of one

powerful star dominating that of the other to the eye as a complementary tint,

—because the two stars are almost exactly of equal brightness ; and again the

bluer colour of one is not an effect of greater distance, because the stars are

proved, and now proved for the first time, to be binary. Hence, take them all

in all, the two stars of 95 Herculis, do seem to be really periodical changers of

cosmical colour from causes inherent in themselves, or connected with their own

region of space ; appearing thereby to indicate the propriet}'-, both of a date being

attached to ever}^ future observation of star-colour when made, and, on the

strength of the analogy between all true stellar orbs, a record of spectrum

analyses of ihe light of our own sun being kept up regularly, as a check upon

periodical or secular variations in the quality or material of his light.*

* Some further inquiries may also be subserved by the Elchies colour observations ; which, if

unusually few in number, have been more than usually attended to touching the character of the

double stars concerned, or the difierence of the distance of their members from our system.

There is undoubtedly an ether filling space, say most scientific men ; well then, if so, what is its

colour by transmitted light ? Star observations are peculiarly adapted to this end, and the colours

which we recognise in all stars may partly belong to this medium, whose colour, too, and composition

may be varied in particular regions. First, then, let us ascertain if there is any constant feature of

colour dependent on distance. Now the two nearest well-determined stellar systems are those of a

Centauri and 61 Cygni ; and Sir J. Herschel has remarked their strong yellow colour, stronger in

the small, than the large, component in either case ; if, then, those stars are really white, but appear

yellow to us, they give in so far a quadruple proof of the medium which extends between them and

ourselves, being yellow by transmitted light ; by no means an extraordinary result, if, according to

recent mathematicians, the atmosphere of the earth thins away and extends indefinitely into the

planetary and stellar spaces.

I
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In Position and Distance, the tabular results of observations for each star-group

so often giving a mean between distinguished but conflicting observers, as in

Nos. 1, 35 Piscium; 4, ^Pisciuni; 11, a Herculis; and some others, will prove

that useful results have been recorded ; though their degree of merit will only be

capable of being fully judged at some future day, when impartial computers

may, or may not, employ them in orbital calculations. And finally in Character,

much is believed to have been cleared up for many of the stars, either by the

above measures, or the "Proper Motion" test as now applied; in some instances

too with singular success, of which Nos. 13, 95 Herculis; 21, ^ Sagittse; and

22, a Aquilse, may serve for example.

In conclusion, then, I trust that these pages have now shown that the Elchies

But when we pursue our inquiries further still, and beyond the limits of sensible stellar parallax,

and merely employ the broad assumption that the smaller that stars do appear, the further off they

must be on the whole,—then arises the anti-terrestrial result, that the greater the depth of the distant

medium through which stars are seen, the bluer they become ; for all very small stars are bluish.

The smaller members also of most double stars, whether optical or physical, and of unknown
distance from us, are, as a whole, bluer than the larger members ; appearing thereby to imply,

though there may be other concurring causes to be mentioned, that the medium filling the more
distant realms of space is in a positively different physical condition from that in which we are

moving at present under the control and guardianship of our sun.

It is even possible that there are more restricted regions of speciality still, and that floating cos-

mical motes may exist in interstellar space, capable of playing very peculiar parts on the light trans-

mitted through them from more distant bodies. Cosmical clouds have been suggested by both the

Herschels to explain observed changes in telescopic stars and nebula ; and such clouds, not very far

too from our own system, may be sti-ongly suspected, some might even be inclined to say are found,

to exist, from the many variable stars whose periods have been ascertained to be almost exactly 365
days. (See Spec. Hart., p. 269.)

On the other hand, our case of 95 Herculis, even if there had not been any thing else of the same
order, establishes the point, of colours and changes of colours pecvdiar to, or arising in, the stars them-

selves. That instance forms an extreme case ; but the forces at work there are probably in exist-

ence elsewhere as well, and not improbably in our own sun, and even in our own earth. Let me
explain the hasty generalisation, which, in the absence of almost anything else, may at least incite to

further observation. The changing tints of the members of 95 Herculis are eminently auroral, i.e.

of the character of an Aurora Borealis when its displays are intense, such as we see them in the

northern sky once in half a century only, and when fiery pink and vivid green streamers alarm tlie

country ; and they are auroral also in their indications of fitful flashes and pulses, like the changes

of lustre in periods of a few seconds noticed by Mr Norman Pogson in the star U Geminorum (^Spec.

Hart. p. 107). Again, the pink prominences seen at total eclipses around our own sun, and at

times or in parts varying to other bluish colours, as established by Otto Steuve, with the appro-

bation of Mr Airy in 1860, have likewise been analogised by Mr Balfour Stuart to terrestrial

auroras. Something then of the same character that produces the immense eflPects observed on
the orbs of 95 Herculis, may, and apparently does, exist on the surface of our own sun; following

too, in its luminous and coloured manifestations, such active and impetuous changes of short period

(for the eclipse red prominences have never been seen twice alike), that some notable maxima, from
the occurrence of secular periods, capable of reacting on the climate of our earth, may at times be

looked for.

Thus the subject of the colours of the stars becomes one, not only of great astronomical, but also

. of terrestrial, interest and extraordinary complication ; and it is possible that spectrum analysis

combined with eye estimations, may enable us to separate the colour produced by transmission

through intervening cosmical clouds from the colour of the star itself, by reason of the small differ-

ence in the dark lines of the spectrum effected by any colouring material at a low temperature.
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telescope not only has remarkable powers for accurate stellar observation, but has

eflPectually made some small contribution to the furtherance of our knowledge of

the heavens ; and also, that Mr J. W. Grant of Elchies,—in conceiving the idea,

ordering the execution of, and then erecting that fine instrument in the north of

Scotland, on a scale so greatly in advance of whatever had been done in the

country up to his own, and even the present time,—deserves extremely well of

the members of the Royal Society of Edinburgh, and of all scientific men in the j

land ; whose only regret must be, and their sympathy will accompany their '

regret, that the failure, and nothing but the failure, at the last moment, of Mr
Grant's long Indian-tried health, prevented him from being the first to use his

own telescope, and to communicate possibly important discoveries for the promo-

tion of science.

'^
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XXIX.

—

Description of the Lithoscope, an Instrument for distinguishing Precious

Stones and other bodies. By Sir David Brewster, K.H., F.R.S. (Plate XIX.)

(Read 18tli January 1864.)

In examining the light reflected from the surface of calcareous spar, when in

contact with different fluids, I observed several phenomena, both of light and

colour, which led me to make the same experiments on the natural and artificial

surfaces of the precious stones and other minerals. In these experiments, the in-

tensity of the reflected pencil varied, as might have been expected, with the

refractive power of the fluid ; but I was not prepared for the curious fact, that

when the reflective power of the surface was reduced almost to nothing, the sur-

face was no longer able to reflect white light, but reflected pencils of different

colours, depending on the approximation of the refractive power of the fluid to

that of the solid. When the crystal had much double refraction, the colour of

the reflected light varied with the inclination of the plane of reflection to the

plane passing through the axis of the crystal.

In making these experiments, a drop of fluid is placed upon the surface of the

body to be examined, and upon this drop is laid the broad surface of a rectangular

prism of glass. A parallel film of fluid will thus be formed between the crystal

and the prism, and any luminous image reflected from the two combined surfaces

will consist of two images superposed, one reflected from the common surface of

the crystal and the fluid, and the other from the common surface of the fluid and

the glass. By a slight inclination of the prism, the two images are separated, so

that we can examine and compare them, the pencil from the prism and fluid sur-

face being a standard light, with which the pencil reflected from the common
surface of other crystals and the same fluid may be compared, in reference to

colour and intensity of light.

By the use of fluids, therefore, of known refractive power, we can distinguish

precious stones and other minerals, the standard of intensity and of colour being

the invariable pencil reflected from the prism and fluid surface. A continuous

scale of refractive power, embracing a great variety of minerals and other bodies,

may be obtained, by mixing fluids in different proportions. The fixed oils com-

bine readily, not only with one another, but with many of the volatile oils ; and

the aqueous solutions of alcohol and sugar, will to some extent, be useful auxi-

liaries in reducing the refractive power of the surfaces on which they are placed.

This method of distinguishing bodies is not limited to those which are solid.

By standard prisms of crystals, or of different kinds of glass, we may distinguish

fluids of all kinds, because the range of refractive powers from tabaheer to

VOL. XXIII. PART IIT. 5 X



420 SIR DAVID Brewster's description of the lithoscope.

diamond and chromate of lead, is much greater than from water to oil of cassia.

In this case, a standard pencil will be obtained from a standard fluid of a known
refractive power, placed on a surface of the same glass as the prism, as will be

presently explained. Impurities in oils and other substances may be thus

detected, and specific gravities approximately ascertained.

In order to make these experiments easily and correctly, I contrived the

instrument now on the table, which was constructed for me many years ago by

the late Mr Dollond, and which may be called a LitJioscope, from its application

to the discrimination of precious stones.

It consists of a rectangular prism PR, mounted as shown in Plate XIX.,

where AB is a pillar, carrying the horizontal and vertical branches CD, CE. The

prism turns vertically round a joint at E, and may be lifted round that joint by

the hand, from its horizontal position, or raised slowly by the milled-head F of a

screw EG, resting at G upon the branch CD. A small circular plate H, at the top

of a screwed rod I, is made to rise or fall by means of the milled head KL ; and

has also a motion of rotation round the top of the rod. Two steel rods de, of,

carry two small aperture tubes <?,/, through one of which, /, the incident pencil

falls nearly perpendicularly upon one side of the prism, and at an angle of 45"

upon its base. These rods, with their tubular apertures, slide through short tubes

at m and n, in order that they may receive the incident and reflected pencils.

Bottles containing oil of cassia and other standard oils are placed at a, b, c.

In using the Lithoscope, the mineral upon whose surface the observation is to

be made is attached, if necessary, by cement or otherwise to the plate II. A drop

of the proper oil is then put upon the surface of the mineral, and tlie prism

brought into a horizontal position. If it does not touch the oil, it is brought into

contact with it by the milled head KL, which raises the plate H. A plate or film

of oil, with parallel surfaces, is thus formed between the mineral and the prism ;

and if we now view the image of the sun or of a small bright flame, transmitted

through the aperture/, reflected from the film, and reaching the eye through the

aperture e, we shall see one image consisting of two coincident images, the one

reflected from the surface of the prism and the oil, and the other from the surface

of the oil and the mineral. In order to separate these images, the prism is

slightly raised round the joint at E, by turning the milled head F. The prism

image will then appear at the right hand of the other image ; and by a compari-

son of the colour and intensity of these images, we obtain the information we

desire.

It was by an apparatus of this kind, furnished with a graduated circle, that I

discovered the influence of the doubly refracting force in polarising common light

in planes inclined to the plane of reflexion. These experiments were published

in the " Philosophical Transactions" for 1819, and have led several distinguished

mathematicians—Professor Maccullagii of Dublin, M. Seebeck of Berlin, and
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Professor Neumann of Konigsberg—to important extensions of the Undulatory

Theory. I shall have occasion, in another paper, to submit to the Society a series

of experiments on the influence of the doubly refracting force in turning the

planes of polarised light out of the plane of incidence and reflexion ; but at

present I confine myself to the consideration of the intensity and colour of the

reflected pencils.

The following observations were made chiefly with oil of cassia and oil of

anise seeds, on account of their great refractive power, and will be sufficient to

show the use and application of the Lithoscope :

—

Wit?i Oil of Cassia.

Diamond.—The colour from the crystal is yellow, and the intensity of the

pencil four or Jive times greater than that of the pencil from the prism. The

Diamond may therefore be easily distinguished from Quartz and from Glass of

very high refractive power, for which it is often mistaken.

Zircon.—The colour from the crystal is white, and the intensity of the pencil

two or three times greater than that of the pencil from the prism.

Ruby, Oriental.—The colour from the crystal is yellow in artificial light, and

the intensity of the pencil nearly double that from the prism.

Chrysoberyl, Cymophane.—The colour from an artificial face in candle-light

is yellowish, and the intensity of the pencil greater than that from the prism.

Beryl.—The colour from the crystal is slightly blue, and fainter than the

pencil from the prism.

Blue Topaz.—The colour from the crystal is a brilliant lilac, approaching to

Hue, when the plane of reflexion passes through the axis of the prism, and the

surface is artificially polished. On the same face, and in a plane at right angles

to this, the colour of the pencil is bluish pink. The intensity of the pencil is two

or three times less than that of the pencil from the prism.

Upon a naturalface, the colour of the pencil is bright blue in every azimuth.

Above the polarising angle, the reflected pencil consists of polarised red light

and of unpolarised blue light.

TovKzfrom Brazil, colourless.—The colour from a cleavage plane is a brilliant

hlue^ in every direction.

Topaz, yellow, .from Brazil.—Upon natural and artificial faces, the colour is a

faint red, and the image scarcely perceptible. On another specimen, I found the

colour to be a bright pink, the intensity being much less than that of the pencil

from the prism.

Cinnamon Stone.—On an artificial surface of this variety of garnet, the colour

of the pencil was yellowish red, and its intensity less than that from the prism..

Garnet, precious.—The colour of the pencil is reddish yellow., and its intensity

a little greater than that from the prism.
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Gabnet, fi^om Elie> in Fife.—The colour of the pencil is reddish yellow, but

the intensity very much less than that from the prism.

Peridot.—The colour of the pencil is brownish yellow, and its intensity much
less than that from the prism.

EucLASE.—The colour of the pencil is hrillimit yellow, and its intensity less

than that from the prism.

Prehnite.—The colour of the pencil is blue, but brighter than that from topaz.

Quartz.—The colour of the pencil is 2^ faint blue, both on natural and artificial

faces, and its intensity less than that from the prism.

Amethyst.—The colour of the pencil is a faint blue, as in quartz, and its

intensity less than that of the prism.

DiCHROiTE.—The colour of the pencil is a blue, fainter than in quartz, and its

intensity less than that of the prism.

Black Tourmaline.—The colour of the pencil in a plane perpendicular to the

axis is a brownish yellow in candle-light, and its intensity much less than that

from the prism.

AuGiTE.—The colour of the pencil, in candle-light, is yellow, and its intensity

Jess than that from the prism.

Sulphate of Barytes. —The colour of the pencil is brick-red, less faint than

in topaz, and the same at all incidences and in all azimuths. The intensity of

the pencil is very much less than that from the prism.

Sulphate of Lead.—The colour of the pencil, in candle-light, is brilliant

yellorv, and its intensity t\vice as great as that from the prism.

Leelite.—The colour of the pencil is greenish blue when the oil is warm, the

intensit}^ of the pencil increasing with the incidence.

Jet.—The colour of the pencil is a very faint yellowish red, and the same at all

incidences.

The following experiments were made with Oil of Anise Seeds, a less refrac-

tive oil than Oil of Cassia

:

—
Quartz, on a face of the prism. When the plane of reflexion passes through

the axis, the image of a candle is just perceptible, and of a brick-red colour.

In sun-light the colour is blue, of little intensity, hwtpink when the oil is first

put on

!

When the plane of reflexion is perpendicular to the axis, the image of a candle

is distinctly visible, and of a brick-red colour. In sun-light the colour is red, but

yellow when the oil is first put on.

On a face perpendicular to the axis of the crystal, the colour in sun-light is

blue.

On a face of the pyramid, the colour is pink in a plane passing through the

axis, but light red in a plane perpendicular to the axis.
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Amethyst.—The colour of the pencil is 2ijine blue at all incidences and in all

azimuths.

DiCHROiTE.—The colour of the pencil varies from reddish yellow, when the oil

is warm, to a Uuish colour when the oil is cold, the intensity being the same at

all incidences.

Opals, Common and Precious.—The colour of the pencil a pale yellow, but

bright.

Bloodstone.—Colour of the pencil lemon yellow.

Leelite.—Colour of the pencil purple, becoming bluish at great incidences.

Labrador Feldspar.—Colour of the pencil sky blue.

Rock Salt.—The colour of the pencil blue, at all incidences.

The following experiment was made with Sulphate of Lime:—
With Balsam of Capivi the pencil was colourless, and faint at all incidences.

With Castor Oil, the pencil was colourless at all incidences.

The following experiments were made on Quartz with pencils of polarised

light, and E, polarised in planes + and — 45*^ to the plane of reflexion :

—

On the face of the prism, and in a plane passing through the axis of the crystal,

with Canada Balsam, E was orange yellow, and not so bright as 0, E being polar-

ised at a greater incidence than 0.

In a plane at right angles to this = E, and both vanish together.

On the face of the pyramid, and in a plane passing through the axis of the

crystal, is bluish and E a straiv yellow, being much brighter than E, and both

vanishing together.

In order to reduce the reflective power of the quartz, I mixed Oil of Sassafras

and Oil of Anise Seeds, in such proportions that the combination had nearly the

same refractive power as the mineral. The image of a candle placed a few inches

from the reflecting surface was scarcely visible.

In sun-light, however, and on a face of the prism in a plane passing through

the axis, the pencil E was a bright greenish blue at incidences below the polarising

angle, and it consisted of two pencils of different colours, the one a bright blue,

polarised in the plane of reflexion, and the other a yellow, polarised in a plane

perpendicular to it.

In a plane perpendicular to that passing through the axis, the colour of E
was a bright purple at various incidences.

On the face of the pyramid, the colour was blue in the one plane, and purple

in the other.

The use of the Lithoscope, in distinguishing both solids and liquids, may be

extended in two ways

—
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] St, By dividing the reflecting surface of the prism into two, three, or more

parts, by means of grooves, so that two, three, or more oils may be used at

once; and,

2d, By using a prism composed of two, three, or more portions of glass

with different refracting powers.

By either of these means, or by the two in combination, the experimental

results may be more readily and accurately compared.

In the preceding experiments our attention is called to two different pheno-

mena—the intensity and the colour of the reflected pencil. When the pencil is

colourless, which is generally the case when one of the surfaces is that of glass,

its intensity depends on the index of refraction of the surfaces in contact, which

is always equal to the quotient of the greater index of refraction divided by the

lesser.

The phenomena of colour produced by feebly reflecting surfaces, and first

described in my paper of 1819, already referred to, arise from two different

causes

—

1st, In doubly refracting crystals, from the influence of the doubly refracting

force in turning through different angles the planes of the polarisation of the

differently coloured rays ; and,

2d, In the same class of bodies, and in those which have no double refraction,

from the different dispersive powers of the surfaces in contact, and also from the

irrationality of dispersion, in consequence of Avhich the coloured spaces in different

spectra have not the same proportion to each other.

To the subject of crystalline reflexion in which the phenomena of colour are

exhibited, I shall have occasion to direct the attention of the Society in another

paper. When the colour is produced by difference of dispersive power, or by

irrationality in the spectra, it is easily explained. In a combination, for example,

of flint glass and oil of cassia, the index of refraction for red light is the same in

both bodies, but different for all the other colours. The i^ed light, therefore, in a

perfectly colourless beam, will pass through the surface of the oil and the glass,

without suffering reflexion ; and, consequently, the light reflected must be bluish,

while the transmitted light will be yellowish. As there is no reason for believing

that in any two bodies, whether gaseous, fluid, or solid, the dispersive powers are

exactly the same, or the coloured spaces exactly proportional, we may assert

that when pure white light is either transmitted by, or reflected from, bodies

perfectly colourless, the transmitted and reflected pencil must be coloured, how-

ever inappreciable the colour may be.*

* See " Memoirs of the Life and Writings of Sir Isaac Newton," vol. i. p. 163. Second edition.
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XXX.

—

On the Agrarian Laws of Lycurgus, and one of Mr Grate's Canons of

Historical Ci'iticism,. By Professor Blackie.

(Read 4th January 1864.)

The History of Greece, by Mr Grote, perhaps the most notable production of

modern English scholarship, is characterised, amongst many great virtues, by

what has always appeared to me, in a historian, a great fault—a tendency to

undervalue traditional authority, and to over-rate the importance of conjectural

ingenuity, in the reconstruction of the past. One of the most remarkable

instances of this tendency which has fallen specially under my view, is his treat-

ment of Lycurgus and his legislation, as it occurs near the end of his second

•volume. The fallacies which seem to me to lie in this treatment, it is the object

of this paper shortly to set forth.

Mr Grote's views with respect to the Spartan laws and customs are sufficiently

indicated by his general proposition, vol. ii. p. 515, that " Lycurgus, or the indi-

vidual to whom this system was owing, whoever he was, is the founder of a war-

like brotherhood, rather than the lawgiver of a political community ;" and by his

special assertion (p. 524) that " the idea of Lycurgus as an equal partitioner of

lands, belongs to the century of Agis IV. and Cleomenes ;" that is, to the middle,

and towards the end of the third century before Christ, and is to be regarded

altogether as a political fiction, not as a historical fact.

Now, by what method of inquiry does the learned gentleman arrive at this

conclusion ? His statement of his method, on the first blush, seems remarkably

fair and reasonable. On examining the witnesses for this alleged historical fact,

he has discovered that all the weighty authorities who live nearest to the event

are silent on the subject, or even directly contradict the current modern belief,

which can in fact be traced to only two of the most recent and least reliable

authorities. The canon implied in this method of historical criticism is no doubt,

taken broadly, perfectly just. But all such canons, in their application, are liable

to be seriously modified by various considerations. In the first place, with respect

to the fact here disputed, we must bear in mind that anything like authentic

cotemporary evidence is altogether out of the question ; and so far as nearness

to the time in which the alleged fact took place is concerned, Aristotle is a

witness not a whit more reliable than Polybius. According to the lowest calcu-

lation, that of Thucydides (i. 18), Lycurgus flourished 400 years before the end

ofthe Peloponesian war, that is about 800 years e.g. ; and if, as the historian asserts,

the Lycurgean laws remained in force during this period, their character at the
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time of their original institution, as contrasted with any changes ^^'hich, in the

declension of Spartan influence, they afterwards suffered, could no more be known

as an existing fact by Aristotle than by Polybius, who lived nearly 200 years

later. There was no such destruction of books and documents in the period

intervening between these two great political writers, as to put the one in a more

favourable position with regard to written testimony than the other ; nay, so far

as parchment documents were concerned, from the accumulated stores of the

Alexandrian Library, Polybius had, in all likelihood, much more ample means

of information at hand than Aristotle. Polybius, therefore, who* along with

Plutarch, in his Life of Lycurgus, is^the principal direct and positive authority

for the Agrarian laws, as a part of the Spartan constitution, is, so far as the

lapse of time is concerned, a witness by no means to be postponed even to the

Stagyrite. As little in respect of any other virtue of a historical authority can

any such inferiority be maintained. There is, indeed, no historical author among

the ancients, after Thucydtdes, whose political sagacity and penetration is more

generally acknowledged ; and the book in which his remarks on the Spartan con-

stitution occur is expressly directed to the comparison of different forms of civil

polity ; besides, as a native of Megalopolis in Arcadia, and living in the age imme-

diately succeeding the great Agrarian movements of Agis and Cleomenes, he had

the most ample means of being locally well informed as to the characteristic

points of the Spartan constitution. As to PLUTARCH,f though I may not deny that

his account of the Spartan institutions is tinged strongly with rose colour, yet I

can by no means share in the light temper of those who habitually talk of the

wise old Cheronsean as an amiable, indeed, but superficial and ignorant writer.

I think it plain, on the contrary, that his writings everywhere bear the stamp of

good sense, of just discrimination, of honest research, and various reading. His

point of view, if not always leading to a perfectly just appreciation of his object,

was the point of view of the ancient world generally ; and on no occasion, so far as

my reading goes, can he be suspected of having lightly committed himself to a

serious historical assertion. But whatever may be the particular weak points of

this most agreeable and most popular, and now most undeservedly neglected

writer, we must bear in mind, that, in reference to such a matter of old historical

belief as the Spartan constitution, what he does give us, is not to be regarded

as his opinion merely, but as the condensed and concentrated result of all the

historical testimony that had come through his hands ; and as he constantly quotes

* Ttjs fiev Sr] AaKeSaifiovLOiv iroXiTeias i'Stov elvai <^acrt, irpioTov fiev ra Trepi -ras iyyaCovs KTrj(TCK, &V oiSevi

/leVeoTt irXeZov, aXXa vavTas Toiis iroXtVas itrov ex*''' ^'' '^'^ TrokiriKrjs )((i)pas.—vi. 45.

f Aeirrepov Se twv AvKovpyov TroXtrevfxaTtav Kal veaviKtiyrarov 6 Trj's y^s dvaSacrfios tort. Aeiv^s yap ovtrr)^

a.vii)p.aXia<: koI ttoXXwv aKTrjfiovmv koI aTropuyv tVw^epo/xei'oov TJj iroXei, tov 8e TrXovrov TravrciTracrtv eis oAtyovs"

crvvep(>vy]K6T0s, v^piv Kai (j>06i'ov koI KaKovpyiav Koi rpvtjirjv Koi to, tovtidv en irpeajSvrepa Kal /xeiXa) vocnjiMaTa

TToAiretas, ttXovtov Kai TrevMV, i^eXavvwv, crwcTretcre rrjv -xwpav aTracrav €is /xeaov devras i^ o.p)(rj^ a.vaSd<raa6ai Koi

(,ijv [ler aXX-qXiav aTravras 6/xaAets kou 'uroKXt^pov; rots /3iots yevo/jievov^.—Vit. Lye. viii.
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Akistotle, it is not to be doubted, that in composing two such important Lives as

those of Lycurgus and Solon, he had before him that very book of croX/r£/«/, or

political constitutions, in which the Spartan polity was fully discussed, but of

which now, unfortunately, only a very few fragments remain. So far, therefore,

as direct positive evidence is concerned, I consider that we have in Polybius and

Plutarch, two independent witnesses of as good faith and authority as can l)e

adduced for any historical fact of similar antiquity. And let it be remembered,

that the fact here in question is not a small incidental matter, or a piece of personal

gossip, which might easily have been ignored altogether, and with equal ease

have been blown into existence out of nothing ; it is a grand central fact with

regard to the social condition of a people who played, in ancient Hellenic life, a

part equally prominent and peculiar^ and which, if true at all, must have been as

well known to the ancient Greeks, as the aristocratic rejfinement of the Episcopal,

and the democratic plainness of the Presbyterian Church are to modern Chris-

tendom. On the basis of these two authorities alone, therefore— one of which, by

the way, the Edinburgh Reviewer of Mr Grote's work, with a characteristic itch

for sceptical novelties, most superficially ignores (Edinr. Review, vol. Ixxxiv. p.

371,)—on the testimonies of Polybius and Plutarch alone, I see no reason wdiy we

should hesitate to receive the famous Agrarian laws of Lycurgus as one of the

most reliable traditions of the ancient world. Of course, I do not mean to say,

that, while accepting this general fact on the testimony of two such writers, I

mean to adopt along with it all the dressings and trappings with which it has

been tricked out in the course of time. Every one conversant with historical

evidence knows that the fact is true in a hundred cases—witness the story of Mac-

beth,—where the decorations of the fact are fabulous. I build, therefore, as little

as Mr Grote on the details of these Agrarian laws as given in the Life of Lycur-

gus ; but while willingly with him tearing away the ornate frippery, and striking

off the painted gauds that envelope the old sacred image, I deny his right to con-

clude that the piece of fine old carved wood which lies beneath the dress is a mere

fiction and a phantom. But let us now consider those more ancient witnesses, in

deference to whom only, as he would have it appear, this distinguished writer

has thrown the valuable testimony of Plutarch and Polybius aside. Of these,

the most formidable, indeed the only important one, is Aristotle, who, in the

second book of his master-work (chap, ix., Bekker) on Political Science, has

described some points of the Spartan polity with considerable detail, and among

others, in alluding to this very matter of the distribution of landed property, not

only does not confirm what the other two authorities say about the equal ambaafj^ic

of the lands, to them so striking and essential a fact—but actually asserts the

,
direct contrary ; among other views of the Spartan polity, enumerating as one of

the chief, the diminution of small proprietors, and the accumulation of immense

landed properties in the hands of a few persons, especially women. This is no doubt
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a very startling assertion to a reader coming fresh from the somewhat Utopian

descriptions of Spartan simplicity, equality, and fraternity, in the kindly pages of

old Plutarch. But this is not the only startling assertion about Spartan things and

Spartan persons that presents itself in the same important chapter ; for, whereas

Strabo informs us (x. p. 449) that there was a common proverb current in Greece,

" A horse from Thessaly, a woman from Sparta, and a man from the banks of the

fair flowing Arethusa," whereby the best article of the several kinds was expressed,

the Stagyrite, on the other hand, here allows the famous Spartan mothers no

characteristic qualities, but three of the worst,—great luxury, unbounded extra-

vagance, and, what no Athenian could tolerate for a moment, even in conception,

an unwomanly mastery over their husbands. These strong statements, coming

from a man generally so calm and cool and judicially impartial, naturally suggest

to the thoughtful student that the great father of Encyclopaedic science is be-

trayed for a moment into a little fit of amiable human weakness, and is speaking,

not as a philosopher altogether, but partly also as an Athenian. But more than

this. What Aristotle here says with such decision was no doubt strictly true,

—

for it is not for us to pretend to find him nodding as to a matter of fact,—but it is

not the whole truth. We can only explain his strong, one-sided, and, as it appears

to the reader, extremely prejudiced language, by supposing, what is no doubt

the fact, that he is speaking only of the Spartans of his day, not of the days of

Leonidas or of Lycurgus, and is no more to be considered as giving a general

portraiture of Sparta and the Spartans, than a Thackeray of the time of Tacitus

would have had his sketches of Roman life under the Emperors taken for the

living counterfeits of the Catos, the SciPios, and the Fabii of the Punic wars.

And this view of the matter will appear the only natural and just one, so soon

as the reader has taken up the position and attitude of the great author of the

Politics, in this second book, as distinctly enunciated in the very first sentence of

this section of the work.* The intention of the work, the author declares, is to

ascertain tentatively, and by approximation at least, the best polity, or, as we

would phrase it, the ideal commou'^ealth ; but as it might appear impertinent to

attempt this if the best form ofgovernment had already been realised, the philoso-

pher thinks it only reasonable that he should preface the exposition ofhis ideal plan

by showing that the most bepraised commonwealths already existing, so far from

being perfect models, are bristling with glaring defects, which a passing glance

may readily discover. Aristotle, therefore, by the very conception of this book,

has put himself into the not very philosophical position of a systematic fault-

/xaXiara xar iu^iiv, deT xcci rag akXag ivieKs-^aeOai ffoX/rs/ag, a/g re ^^Hvtoli riveg ruiti 'KoK&m ruv ivvo/iiii^ai

Xiycjjj'e^ioi)/ , x&v s'i rivis fVsga/ rvy^diictiaiv i/cro r^ivcHv ii^rjfiivai xa} doxSaai xaXij
'^X^'^t

'^'^ ^^ '"'

''i^^=
'^'%<"' ''9^^

xai TO ^^r}ffi//,cv, in de rh ^^jte/v ri 'irag avrug 'ire^ov jJjYi hoxfi' 'udvrctig ehui aofiZia&ai ^hkojjAvuv, uXf.a, Sioi to fiTi

xaXws i'X^iiv ravTag Tag vDc \i'i:a^')(i<s<xg hid tSto Taurriv ^oxufiiv i'zi3aXcs6a.i rfiV /u,e$odo».—Pol. ii. init.
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finder ; his scheme in this introductory chapter does not in any wise require

that he should give a perfect account of the rise and growth, and complete

development of the Spartan commonwealth, but only that he should show how,

in the result, it has found itself very far removed from the model commonwealth,

which Xenophon, Plato, and other anti-Athenian laudators upheld it to be.

" By their fruits ye shall know them." If the harvest has brought forth rotten

apples, the spring may have been genial,—we are not careful to inquire about

that ; but there must have been something wrong somewhere, either in the seed

or in the summer. And not only does the philosopher content himself with indi-

cating what time has shown to be rotten in the Spartan constitution, but he

incidentally drops a remark, which receives its full significance only on the sup-

position of an original state of things altogether different from that which he is

criticising. For, while discussing the point of the undue accumulation of landed

property in his time, he blames the legislator for forbidding or discouraging the

sale of lands by the hereditary holder, while at the same time, he allowed them

freely to pass from family to family by testamentary conveyance—a liberty by

which his prohibition was rendered in a great measure nugatory. Now, this

remark plainly implies the existence, in ancient times, of a state of things in

which every Spartan citizen, like the old Hebrew yeoman, had his own ancestral

allotment of a certain moderate size—for there is no need of supposing mathe-

matical equality—which, through the operation of an ill-regulated law of succes-

sion, as Aristotle thought, had in the course of time produced the monstrous

accumulation of property in a few hands which he considers so pernicious.

The evidence of the great Encyclopsedic philosopher being thus placed, as it is

hoped, in perfect harmony with the testimonies of Plutarch and Polybius, the

other witnesses, on whom the English historian founds his sceptical views, may
be shortly dismissed. Their weight in the present question in fact amounts to

nothing more than this, that certain authors, who might have been expected to

allude to the Agrarian laws of Sparta, say nothing about them. But this sort of

evidence, or rather want of evidence, in the case of writers who are not writing

formal treatises on the Spartan polity, proves nothing. A modern writer, for

instance, might say many true things of the social state of modern France, and

yet not once allude to the very important matter of the compulsory division of

j

landed property in that country after the demise of the holder. Not a few things

in ancient writers about ancient matters are not mentioned, simply because they

,
were so well known as not to require to be spoken about. A striking proof of

, this occurs, I think, in the Panathenaic oration of Isocrates, which contains a

I detailed comparison of Sparta and Athens, but where the Agrarian laws are

alluded to only incidentally in a Isingle clause, which Mr Grote has somewhat
strangely overlooked : nay, rather he quotes a passage from the oration which,

next to the evidence of Aristotle, seems to make most in favour of his sceptical
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position. For, towards the close of the discourse (p. 287) the orator makes one

of the advocates of Spartan usages say, "that whereas every one of the other

states of Greece had been disturbed by frequent aristocratic and democratic

revolutions, in Sparta alone no one could point out either mutinies or massacres,

or unjust banishments, or confiscations of property, or violations of women, or

abolition of debts, or change in the form of the constitution, or Agrarian laws (y??

ava,baafji,ovi), or any of the incurable diseases to which bodies politic are subject."

True; but this means only what we have already heard from Thucydides, that

the constitution, as settled by Lycurgus, had remained stable in its great supports

—a remarkable phenomenon in ancient Greece—for four hundred years, undis-

turbed by violent changes and sudden revolutions in the ownership of property

;

but that the Spartan land, at the great Dorian immigration, was originally divided

into equal lots, is incidentally asserted by the orator in a previous part of his dis-

course, p. 270 (r^5 ;^ou|ag ^j fl-geff^xe)- " laov "txn^ zxaerov), with which passagc the more vague

language of Plato in the laws (III. 684 D.) is perfectly consistent.

The silence of Xenophon on the subject of the Spartan Agrarian laws might

appear, at first sight, more difficult to account for. In a special treatise, such as

the little book ct^/ Kaxilaiiimw ToXiriia; unquestiouably is, a characteristic feature

of national life so prominently mentioned by Plutaech and Polybius, might

naturally have been expected to find a place. But when the extremely slight

and flimsy character of this treatise is considered, and when the special fact is

also borne in mind, that, though professing to give some idea not only of the

Spartan education, but of the Spartan political constitution, the existence of the

ixxXtjcia or congregation of the Commons, is not even mentioned ; and when we

consider farther, that the inequality of land in Lacedsemon, so glaring to the eye

of Aristotle, must already, in the days of Xenophon, have become so great as

to render the Lycurgean legislation on this point a matter more of historical

learning than of present social .significance, we must hold the silence of this

writer on this particular point to be a matter of the smallest moment, certainly

not of sufficient weight to countervail the positive and distinct testimony of such

a grave and judicious writer as Polybius.

So much for the authorities, or what theologians call the external evidence.

As to internal probabilities and presumptions, however our modern British ideas

may incline us to look with a certain suspicion on all accounts of social equality

in the tenure of land, it is quite certain, not only that the ancients generally held

a land-tenure essential to citizenship, but that a certain equality in this respect

was looked on as the sign of a healthy condition of the body politic. The whole

history of Agrarian laws amongst the Romans was only a violent exposition of

one of the oldest principles of ancient citizenship, that the land which had been

acquired by the exertions of common brothers in arms, should be possessed by

the co-ordinate ownership of equal citizens. But in the case of the Spartans it
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seems to me further, that their position as a small band of privileged nobles—for

the proper Spartans were in fact a body of nobles, with exclusive privileges, as set

against the great mass of the population—this difficult and slippery position, I say,

rendered it in the highest degree perilous that any divisions should arise within

the principal body ; and such dissensions would naturally arise in those days, and

in a country where landed property was the only valuable property, if the small

section of the country originally occupied by the invaders had been absorbed by

a few of the more powerful families, while the great mass was left with small

allotments, which, by the action of well-known social laws, would have a tendency

constantly to diminish. It is to dissensions of this kind, I conceive, that both

Plutakch (chap. 2) and Isocrates (p. 270) allude, when they talk of the period

of disorder and confusion which prevailed in Sparta before the final settlement of

the constitution by Lycurgus ; and we may justly conceive the mission of that

legislator to have consisted in adjusting this matter by an Agrarian law, as

Solon effected a similar compromise between the claims of debtor and creditor

two hundred years later in Athens, or as Baron Stein, after the battle of Jena

(in 1808), under the pressure ofa great national calamity, deprived the Prussian

nobility of a great part of their landed property, and created a race of independent

peasants from the appropriation. Of course, I do not mean to say to what ex-

tent the principle of absolute equality in the possession of the national acres

might have been systematically carried out by the great Lacedaemonian lawgiver.

Of that we can know nothing. All we can say is, that in accordance with the

general spirit of ancient citizenship, and as a measure absolutely necessary for

the security of a small body of nobles so situated, he would insist that every citizen,

qua citizen, should have his sufficient allotment ; and as in those early times,

before the conquest of Messene, the amount of really valuable land in Lacedsemon

was not large, it seems impossible that any very large properties could have

been allotted ; and thus the very necessity of the case would dictate a practical

equality, which historians, writing in times of monstrously accumulated wealth,

might easily work up into a sort of mathematical marvel, to a British critical

intellect in the nineteenth century after Christ altogether incredible.

These are the views to which, after much consideration, I have arrived on this

interesting subject ; and I feel a strong conviction that they are the views, which

with the sound practical intellect ofthe British people, constitutionally averse to all

conjectural novelties, however brilliant, will ultimately prevail. In the meantime,

I shall not be surprised if the authority of Mr Grote's name in matters where he

is a safe guide, shall lead the majority astray for a season in matters where he is

most unreliable. Generally, with regard to his whole method of estimating the

contents of early historical tradition, I consider him to be unsound. As concerns

the special matter of the Agrarian laws, I shall conclude here by protesting

against the new canon of historical criticism, which he enunciates formally while
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discussing the matter (vol. ii. p. 532). His words are as follows:—"It appears

to me that the difficulties connected with this matter are best obviated by adopt-

ing a different canon of historical interpretation. We cannot accept as real the

Lycurgean land-division described in the life of the lawgiver ; but treating the

account as a fiction, two modes of proceeding are open to us. We may either

consider the fiction, as it now stands, to be the exaggeration and distortion of some

small fact, and then try to guess without any assistance what that small fact

was ; or we may regard it as a fiction from first to last—the expression of some

large idea and sentiment, so powerful in its action on men's minds at a given time,

as to induce them to make a place for it among the realities of the past. Now
the latter supposition, as applied to the times of Agis IV., best meets the case

before us." In regard to this new canon, I object, in the first place, to the lan-

guage which states that as altogether a guess, which is merely the acceptance of

a well-attested fact, the details of which only are a matter of exaggeration and

conjecture. The only guess in the present case which touches the nucleus of a

fact, is Mr Grote's, who, following the evil example of the Germans, has here

smuggled into the sober pages of history an ingenious but altogether baseless con-

jecture, for the solid foundation of old authority. In the next place, I would lay

it down as one of the most important principles to be borne in mind in the inter-

pretation of all tradition, written or unwritten, to use the emphatic language of

Professor Dunckee, that " historic fantasies are not wont to arise without

historic realities ;" and the bare fact that Agis and Cleomenes in the third
;

century before Christ based their famous but unfortunate schemes of reform in

Sparta on alleged Agrarian laws of Lycurgus made five hundred years before, is

to me a strong proof that such laws did once actually exist. A reforming king,

who, as a last resource, rouses the social conscience of a nation against the

usurpation of an aristocracy, or a bureaucracy, must appeal, not to a pious

dream or a brilliant imagination, but to a living record imprinted from genera-

tion to generation in the fleshly tables of the popular heart. Only by the touch

of what is living can a living virtue be imparted to the dead.
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XXXI.

—

On the Limits of our Knowledge respecting the Theory of Parallels.

Bj Professor Kelland.

(Read December 21, 1863.)

The subject of this paper is a very old one, and may to many appear to be

sufficiently worn ; but I venture to hope, that there are some to whom a glimpse

of the successive approaches of the human mind towards the right understanding

of a question of pure logic, may have an interest,—even although the problem

solved be an abstract one, and the conclusion a negative conclusion, having little

practical application. Like the kindred problem of the quadrature of the circle,

or the metaphysical problem of "Knowing and Being," the theory of parallels

has been attacked in various directions, and although it is true that no one ever

reached the goal he aimed at, yet it is not the less certain that great and posi-

tive results have followed in the history of human attainment. If no other lesson

has been learnt, this at least may have been : that in reasoning it is necessary to

look warily around and abroad at every step, seeing that admissions, the most

obviously inadmissible, or evasions the most palpable, have foiled generations

of thinkers, whilst those who have detected their errors have fallen into others

of an equally destructive character.

It is not my intention to give an account of the successive failures of different

geometers in their attempts on this problem . That has already been done by

Colonel Thompson, in his " Geometry without Axioms." My object will be rather

to show what has been successfully accomplished, and by going over in a positive

form the ground which is forbidden to those who attack the problem directly, to

indicate as clearly as I can the limits within which future research may be

confined.

I say I am going over the negative limits of the discussion of the problem in a

positive form. What I mean by this statement is, that I am about to start with

the assumption, as though it were an axiom, of that very problem the incorrect-

ness of which it is the object of future geometers to demonstrate, and by a purely

logical process, to ascertain whither those false premises (if they be false) shall

lead me. I am much mistaken if those who give themselves the trouble to

examine the argument do not find it both interesting and instructive. So far as

I know, it has never yet been developed in this country, although the circumstance

that for the last seventeen years I have made it the repeated subject of Lectures

and Essays in my Class may possibly take from it some of the appearance of
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novelty which it would otherwise present. In truth, many of the following pro-

positions are due to my students.

For the sake of clearness, I shall divide the different steps of the argument

into propositions. Legendee, in the 12th volume of the Memoires deVInstitute

proved,

—

Prop. I. The sum of the angles of a triangle can never' exceed two right angles.

Prop. IT. If the angles of any one triangle can he proved to be equal to two right

angles^ then the angles of every triangle can.

These two propositions reduce the difficulty to the very narrow requirement

of proving that some one triangle has the sum of its angles equal to two right

angles. As a limit, it is evidently true. For if CD be perpendicular to CA ; and

if CD be very great and CA indefinitely small, the angles of the triangle CAD
approach two right angles as their limit. But this, as we shall see presently,

proves nothing. For although they approach two right angles when CA is in-

definitely diminished, they may, for anything that appears, approach a right angle

and a half, or any similar magnitude, when CA is indefinitely increased.

Further, Mr Meikle has proved in the 36*th volume of the Edinburgh Philo-

sophical Journal

—

Prop. III. Triangles which ham their areas equal have the sum of their anghi^

the same.

We shall consider these three propositions as established beyond question, and

refer to them in the order here given.

Some years ago, there appeared in Crelle's Journal, a notice of a work entitled

" Imaginary or Impossible Geometry," viz., a discussion of the conclusions which

would follow from the assumption as an axiom, of the hypothesis that " the three

angles of a triangle are together less than two right angles." I have never met

with any statement of the propositions which the author deduced from this hypo-

thesis ; but I have been accustomed, from time to time, to draw conclusions from

the same hypothesis, and to induce my students to follow my example, so that,

from one source and another, I believe I am in possession of most of those

conclusions which are likely to bear on the theory of parallels. And as these

conclusions are both curious in themselves, from their connection with the

properties of the circle, and appear to point to the limits of our knowledge of the

doctrine of parallels, I have thrown them together in the form of a sequence to

the three propositions above enunciated.

It must be premised, that all the definitions and axioms of Euclid are retained,
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SO far as they are logically correct, and make no use of the hypothesis of paral-

lelism. As a matter of convenience, it is best to define a straight line, with

Playfair, in the following way :
—

" If two lines are such that they cannot coin-

cide in any two points without coinciding altogether, each of them is called a

straight line ;" for Euclid's definition has no significance in a logical system. It

is never referred to by Euclid himself, nor indeed, could it be, seeing that it

expresses nothing. The real characteristics of straightness are contained in two

postulates, or, as Simson designates them (and it is as well to refer to Simson),

axioms. They constitute Simson's 10th and 11th axioms, thus breaking into

three parts—a definition and two axioms—what Playfair has reduced to one.

Euclid's definition of a square must of course be rejected. It is essentially

vicious, involving both a superfluity and a want of necessary consistency. It is

equivalent to the assumption, that the angles of a triangle are together equal to

two right angles, or the alternative, which is demonstrably false, that a triangle

may have its angles together greater than two right angles.

It is further premised, that all the Propositions of Euclid, up to the 28th

inclusive, are correctly demonstrated, and are clear of any assumption relative to

the angles of a triangle, or to the doctrine of parallels. In the 29th Proposition,

Euclid has to convert the 27th and 28th, or, in other words, to show the conse-

quences of starting with the hypothesis that two straight lines do not meet. The

difficulty consists in deducing positive consequences out of negative premises.

And the difficulty is further increased by the fact, that straightness is only known

from the necessity that two lines do meet, whilst parallelism is only known from

the necessity that they do not meet. This difficulty renders it imperative on

Euclid to make some additional assumption. His assumption or postulate is

what Simson calls the 12th axiom :
" If a straight line meets two straight lines,

so as to make the two interior angles on the same side of them, taken together, less

than two right angles, these straight lines, being continually produced, shall at

length meet upon that side on which are the angles which are less than two right

angles." The object of all that has been written on the subject of parallels has

been to get rid of this assumption. I shall not even allude to the history of this

subject. I am concerned only with that form of the argument which depends on

the sum of the angles of a triangle. It has been stated above, that Legendre has

narrowed the requirements to the discovery of some one triangle, for which the

angles shall be together equal to two right angles, by having proved that, if this

be true, the same holds good of every triangle. It may perhaps be as well to add

that this, once established, leads directly to Euclid's 12th axiom.

The following appears to be the most simple and satisfactory manner of estab-

lishing this conclusion :

—
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Prop. IV. Given that the angles of every triangle are together equal to two right

angles, to j)rove Euclid's 12th axiom.

Let AB, CD make with EF the angles BEF, EFD less than two right angles

;

AB, CD, shall meet, if produced, towards B, D.

Let EFG be not greater than a right angle.

Draw EG perpendicular to FD. Set off equal

distances along EB, viz., EH, HI, &c., and draw

HK, 10, &c., perpendicular to EG; and HP per-

pendicular to 10.

The angles BEG, GEE, EFG, are less than two right angles, but GEE, EFG,

make up a right angle ; therefore BEG is less than a right angle. Now EHK
and HEK make up a right angle, and EIO, lEO make up a right angle, therefore

EHK= EIO; and the triangles EHK, HIP, are equal (Euc. L 26), therefore HP
= EK; but the triangles KHO, HOP, formed by joining HO, are equal (Euc. I.

26), therefore KO = HP= EK. It follows, therefore, that as we advance by

equal distances along EB, we also advance by equal distances along EG; so

that by going far enough along EB, we must at last advance beyond G ; hence

there is some point in EB produced, from which, if a perpendicular be drawn to

EG produced, it shall cut EG produced beyond G; AB, therefore, meets CD,

towards B, D.

Let us now examine the consequences of assuming as true the following

Axiom. The three angles of every triangle are together less than tno right

angles.

It may be remarked, that it would have sufficed to have assumed that the

three angles of some one triangle are together less than two right angles. For,

that being admitted, the axiom as enunciated follows at once ; inasmuch as no

triangle can have the sura of its angles greater than two right angles (Prop. I.),

neither can any triangle have them equal to two right angles, for then the same

would be true of every triangle (Prop. II.)

Cor. 1. The exterior angle of every triangle is greater than the sum of the

two interior opposite angles.

Cor. 2. The angles of a quadrilateral are together less than four right angles.

We shall designate the deficiency of the angles of a given triangle from two

right angles by the term angular defect of that triangle ; and shall abbreviate the

phrase "angular defect of the triangle ABC" by ^ABC : hence ^ABC = 180'-

(A + B + C.)
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Prop. V. If two triangles have two angles of the one equal to two angles of the other,

each to each, hut the side adjacent to the equal angles of the one greater than

the side adjacent to the equal angles of the other, then the other sides of the

triangle which has the greater adjacent side are respectively greater than the

other sides of the other triangle, hut they contain a less angle.

Let^ABC = DEF,and^ACB = DFE, but BC:::-EF, then is BA::^ED, andAC:^DF.

Cut off from BC, BH = EF; and make the angle BHG=EFD or BCA; HG shall

cut BA in G ; for if it do not cut BA it must cut CA, and make with HC and CA

a triangle, having the exterior angle equal to the interior opposite angle, which is

impossible. Now (Euc. I. 26) BG=ED, but BA^-BG .-. BA^ED. Similarly AC

^DF. Also the angle BAC is less than EDF.

For BGH + BHG + AGH + CHG = four right

angles ; but GAC + ACH + AGH + CHG are less

than four right angles (Axiom Cor. 2) ; there-

fore BGH:^BAC, and BGH = EDF, therefore EDF; 'BAC.

Prop. VI. If from two points without a straight line, on the same side of it, the two

perpendicidars drawn to the line are equal, the st7^aight line which joins the

points is parallel to the given li^ie.

Let AB be the given straight line, C, D the given points without it on the same

side, from which the two equal perpendiculars are drawn

to the line, viz., CE, DF; CD is parallel to EF.

Join CF, ED meeting in G ; and through G draw GH
perpendicular to AB, and produce HG to meet CD in K.

The triangles CEF, DFE, are equal in every respect,

therefore CF= DE, and^CFE= DEF: hence the triangles GHE, GHF are equal

(Euc. I. 26), therefore EG=FG, and ^EGH=FGH: hence, by subtraction,

CG=GD; and ^CGK = DGK, therefore (Euc. I. 4) ^CKG=DKG, and each

of them is a right angle; i.e., HK is at right angles to both the lines AB and CD;

wherefore CD is parallel to AB.

Cor. 1. The same is true if CE, DF are not perpendicular but equally inclined

to AB ; for then perpendiculars from C and D to AB are equal.

Cor. 2. HK bisects the sides CD, EF, and the area CEFD.

Cor. 3. A perpendicular equidistant from two equal perpendiculars is a

common perpendicular to two parallels, found as above.
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Prop. VII. Ifa straight line falling upon two other st7'aigJit lines makes the alternate

angles equal to one another, these two straight lines are parallel (Euc. I. 27.)

Andfrom any given j)oint in one of them there can he drawn one and only one

straight line to the other, mhieh shall make the alternate angles equal.

Let EF make with AB and CD the alternate angles AEF, EFD, equal to one

another.

Let G be any given point in AB : make FH=EG ; the alternate angles which

the straight line GH makes Avith AB and CD, are equal.

Bisect EF in K, join GK, KH : the triangles GEK, ^

KFH, are equal in every respect (Euc. I. 4) : therefore

..^GKE=HKF; to each of these add EKH, then the ,
F L H ^

angles GKE and EKH together are equal to HKF and

EKH ; but HKF and EKH are equal to two riglit angles ; therefore GKE and

EKH are equal to two right angles, and GKH is a straight line. But the angles

EGK, KHP, are equal, and they are alternate angles; therefore, through the

given point G, a straight line GH has been drawn to CD, making the alternate

angles equal to one another.

Also, from the same point G, no other straight line can be drawn to CD which

shall make the alternate angles equal.

For, if possible, let GL be a straight line which makes the alternate angles

BGL, GLC, equal to one another. Then, because BGH= GHC, by subtraction

LGH is equal to the difference between GLC and GHC ; that is, one of the interior

opposite angles of a triangle is equal to the difference between the exterior angle

and the other interior opposite angle, which is impossible (Ax. Cor. 1.)

Prop. VIII. Iffrom a given point without a given straight line, straight lines he

drawn to the line, the angles which they make with it hecome less and less as the

distance from the pei'pendicular increases ; and a. straight line may he drawn

from the given point to the given straight line, so as to make with it an angle

less than any assignable angle, hy proceedingfar enough.

Let A be the given point ; BC the given straight line ; AB perpendicular to

BC ; AD any other line drawn from

A to BC. Make DE= AD
;
join AE,

and makeEF= AE, and so on. The

angles ADB, AEB, AFB, continually

diminish (Euc. 1. 16). And by proceeding far enough a line may be drawn making

with the given linean angle less than any assignable angle.
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For ^ADB^DAE + DEA ^2AED, because AD = DE : that is, AED^ h ADB.

Similarly, AFB^|AEB-^:|;ADB ; and it is evident that by proceeding in

the same way a line may be drawn from A to BC which shall make with BC an

angle less than any assignable angle.

Prop. IX. Through a given 2'>oint without a straight line there may he drawn

infinite number of straight lines all jyarallel to the given sti'aight line.

an

Let A be the given point, BC the given straight line ; from the point A there

can be drawn an infinite number of straight lines all parallel to BC.

Draw xiB perpendicular to BC, and AD perpendicular to AB. Take any

number of points E, G, &c., in BC, and join AE,

AG, &c.

The angles BEA and BAE are less than a right

angle ; but the angles DAE and BAE are equal to

a right angle; therefore DAE^AEB. Cut off FAE= AEB. Again, FAE=FAG
and GAE ; but FAE = AEB ;^AGE and GAE. Take away GAE, and FAG:p-AGE.

Cut off HAG= AGE, &c. The straight lines AD, AF, AH, are all parallel to BC
(Euc. I. 27), and it is evident that their number is unlimited.

Prop. X. I/a straight line be perpendicular to each of two parallel straight lines,

it is the least distance between them ; and of all other perpendiculars drawn

from, one of the parallels to the other, that which is nearer to the least is less

than one more rermte ; also two equal perpendiculars can be drawn, one on

each side of the shortest line.

Let AB be parallel to CD; and let EF be perpendicular to both; EF is the

shortest distance between them.

From G, any point in AB, draw GH perpendicular to CD : GH, and therefore

(Euc. L 19) any line drawn from G to CD is greater

than EF.
A-

If GH is not greater than EF, it is either equal to it

or less than it. c-

First, Let, if possible, GH = EF; the triangles EFH,

GHF, are equal in every respect; therefore EH=GF; and the triangles EFG,

EHG, are equal in every respect; therefore .=:::EGH= GEE, and each is aright

angle, which is impossible (Ax. Cor. 2).

Secondly, Let GH-=^EF, and produce it to K, so that HK = EF. As in the

former case, the triangles EFH, KHF (if KF be joined) are equal in every
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respect, and EH=KF; whence also the triangles EFK, EHK are equal in every

respect; and -=^HKE=FEK, and each is greater than a right angle, which

is impossible (Ax. Cor. 2.) HG is therefore greater than EF.

Next if L be a point in EB beyond G, from which the perpendicular LM is

drawn to CD, LM is greater than GH.
The angle LGH is greater than a right angle, and the angle GLM less ; there-

fore LGH:::^GLM. Now, we can prove, exactly as in the former case, that if

LM= GH, -^GLM=LGH, which is impossible; and if LM-^GH, by producing

ML to N, and joining GN, we can prove that -^GNM=NGH, or greater than a

right angle, which is impossible ; therefore LM is greater than GH.
Lastly, Two equal perpendiculars can be drawn, one on each side of EF.

Take EP=:EG and FQ = FH
;
join PQ ; PQ is equal to GH, and perpendicular

to CF.

For PF = FG and -::PrE = EFG (Euc. i. 4), therefore ^PFQ=GFH ; and

the triangle PFQ, is equal to the triangle GFH in every respect. Hence -^PQF
= GHF, and is a right angle ; and PQ= GH.

Cor. The angles MLG, HGL are less than two right angles, and the angles

HGE, HGL are equal to two right angles ; therefore -^^MLG is less than HGE

;

that is, if lines be drawn from one of the parallels perpendicular to the other,

the interior angles in which they cut the first parallel continually diminish, as

the distances from the common perpendicular increase.

Prop. XL If a straight line he perpendicular to each of two parallel straight

lines, andfrom the points at which it meets them equal distances he set off along

those lines towards the same side, the straight line which joins the points so

found shall make equal angles with each of the parallels towards the same side.

In the figure of Prop. X., let EF be perpendicular to both the parallels AB,

CD; and let EG=FH, the angle EGH is equal to FHG. The triangles GEF,

HFE are equal, therefore GF= EH, and consequently the triangles EGH, FHG
are equal, and the angle EGH = FHG,

Cor. 1. If the angles which a straight line makes with each of two parallels

towards the same side are equal, the straight line meets the parallels at points

which are equidistant from the points where the common perpendicular meets

them.

Cor. 2. If two straight lines be drawn, each making equal angles with two

parallels towards the same side, the portions of each parallel which they cut off

shall be equal.
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Prop. XII. If straight lines he drawn to two 'parallel straight lines on the same side

of the common perpendicular, making with them equal angles respectively to-

wards the same sides, that which is nearer to the common perpendicular is less

than one more remote ; and two equal lines can he drawn, making equal angles

towards the same side with the given parallels, one on each side of the common

perpendicular.

Let AB be parallel to CD (fig. Prop. X.), EF perpendicular to both ; GH, LM
straight lines which make the angles EGH =FHG and ELM=FML ; LM is

greater than GH.

The angles HGL, GHM are each greater than a right angle, and GILM, HML
each less than a right angle (Ax. Cor 2). Therefore -=^HGL = GLM.

And because GL=HM (Prop. XI. Cor. 2), therefore (Euc. I. 4) HL = GM.
Now if LM be not greater than GH, it is either equal to it or less than it. It

is not equal to it, for then the triangles HGL, GLM would be equal in ever}'

respect, and the -i::HGL = GLM, which it is not.

Neither is LM^GH, for, if possible, produce ML to N, making MN = HG
;

join HN. Then, in the triangles LGH, HMN, the angle LGH is greater than

HMN, therefore (Euc. i. 24) HL is greater than HN, and .^HNL^HLN ; but HLN
is greater than a right angle, because HLM is less than a right angle, therefore HNL
is greater than a right angle, which is absurd : LM is therefore greater than GH.

Next, if EP = EG, FQ=FH, PQ will be equal to GH, and will make equal

angles with the parallels towards the same side.

For PF=FG, and ^PFE=EFG, therefore ^PFQ=GFH, and the triangle

PFQ= GFH. Therefore -^PQF=GHF and PQ= GH.

Similarly QPE =HGE.

Prop. XIII. The straight line which makes with two parallel straight lines the alter-

nate angles equal, is less than any other straight line which can he drawnfrom

one of the parallels, to make with the other an angle equal to either of these

alternate angles towards the same side.

Let PQ make with the parallel straight lines AB, CD, the alternate angles

equal to one another ; let also any other straight line,

RS, make the angle RSD=PQD ; PQ is less than RS, '^ T/^ pf ^

Bisect PQ in K, draw KF perpendicular to CD. /p /\
make PE = QF, and join KE, then (Euc. I. 4 and 14) " ^ ^

^~'' °

EKF is a straight line perpendicular to AB. Also, if SL be made =QK, and LH
VOL. XXIII, PART III. 6 D
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be drawn at right angles to CD, and produced to meet AB in G, then LH=KF.
Now (Prop. X.) GH:::^EF, therefore LG^KE. Also, since E, F, and H are right

angles, LGE is less than a right angle, and therefore LGR greater than a right

angle. Cut off the right angle LGI ; then the triangles LGI, KEP have two

angles of the one equal to two angles of the other, but the side LG adjacent to

equal angles in the one greater than KE in the other ; therefore LI is greater than

KP (Prop.^V.), but LR^Ll .-. LR is much greater than KP, and RS:^PQ.

Prop. XIV. If through the middle point of the common perpendicular to two parallel

straight lines, a straight line he drawn perpendicular to it, this line will bisect

at right angles all lines drawn so as to maize equal angles towards the same side

with the given parallels.

Let EF be the common perpendicular to the two parallel straight lines AB,

CD. Through X, the point of bisection of EF, let XY
be drawn perpendicular to EF, meeting GH in Y. XY
bisects GH perpendicularly. For the triangle EXY=
FXY ; therefore EY=FY, -^XEY=XFY and -:^EYX= ^

FYX : hence ^YEG= YFH, and triangle YEG=YFH ; therefore GY =HY, that

is, GH is bisected by XY.

It is also bisected perpendicularly; for ^EYX=FYX and ^EYG=FYH;
therefore -=:::XYG=XYH, and each of them is a right angle.

Cor. 1. All straight lines drawn so as to make equal angles respectively with

each of two parallel straight lines towards the same side are themselves parallel.

Cor. 2. And the straight line which bisects them all is parallel to the given

parallels.

These propositions appear to draw the connection between parallelism and

rectilinearity very close. Props. X., XL, and XII. tally very well with the (po-

pular) view of parallels as circles ofvery large and equal radius ; for instance, the

equality of the angles at which any of the lines parallel to that which is perpen-
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dicular to both parallels meets the parallels, the equality of lines at equal dis-

tances on either side the common perpendicular, the constant increase of these

lines as they recede from that perpendicular ; all these properties agree exactly

with the notions attached to circles. But on the other hand, the fact proved in

Prop. XIV., that a straight line parallel to each of the parallels bisects all these

lines, dissipates the idea of convexity for that line. And when it is remembered

that the properties of this bisecting line with respect to either the upper or the

lower of the given parallels are precisely the same properties as those proved to

exist for the given parallels themselves, we appear to have reduced parallelism

very exactly to square with rectilinearity, as defined by Euclid.

We shall now approach the subject in another form.

Prop. XV. If a triangle he in any way divided into a number of triangles, the

angular defect of the whole triangle is equal to the sum of the angular defects

of its parts.

Let ABC be a triangle, and,— 1 . Let it be divided into triangles by straight lines

drawn from one of its angles A to the opposite side : MBC—
^ABE + ^AEF + MFC. For A + B + C+ all the angles

at E and F= all the angles ofABE, AEF and AFC. There-

fore, by subtracting from six right angles ^ABC= ^ABE +

5AEF + 5AFC ; and in the same manner the proposition

may be proved, whatever be the number of triangles into which ABC is divided.

2. Let the triangle be divided into three triangles by lines drawn from any

point within it: then A + B + C+ four right angles =the

angles of the triangles ABD, BDC, CDA. Take from six

right angles, and ^ABC=MBD + ^BCD + ^CAD
3. If the triangle ABC be divided into any number of

tiiangles by lines drawn from the same point D, we shall

have the same result, by combining Case 1 with Case 2.

4. The same demonstration applies, if one of the triangles into which ABC is

divided be formed by joining points in AB, AC; and a

similar argument would extend the proposition to other

cases.

For the sake of demonstration (not of construction),

we are at liberty to introduce the two following postu_

lates.

Postulate 1. From the greater of two given triangles, a triangle can be cut oflP

' equal to the less.

Postulate 2. A triangle can be divided into any number of equal triangles.
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Prop. XVL If the angular defects of two triangles are equal, the areas of the

triangles are equal.

Let ABC, DEF, be two triangles which have the same angular defect

;

they have the same area. ^; A

If not, let the area of ABC be greater

than that of DEF. Cut off ABG=DEF
(Post. 1), then MBG= ^DEF (Prop. III.), ^^- ^c f 'f

but 5ABC=MBG + 5AGC (Prop. XV.),

= 5DEF + MGC;
Therefore 5AGC= 0, which is contrary to the hypothesis (axiom). The areas are

therefore equal.

Peop. XVII. The areas of triangles have to one another the same ratio as their

angular defects.

Let ABCi DEF, be two triangles, area ABC : area DEF : : ^ABC : ^DEF.

Let ABC be greater than DEF : Cut off from ABC the part ABG=DEF (Post

1). Suppose ABG, ABG, commensurable ; and let ABC and ABG be divided

into triangles of the same area (Post. 2) : let ABC contain m such triangles

and ABG 7i of them,

^ABC= sum of all the angular defects of the triangles into which it is divided

—m times the angular defect of one of them

8Pi3(ji—n times the same

.-. ^ABC : ^ABG : : m : n : : area ABC : area ABG.

Therefore (Prop. XVI.) ^ABC : 8DEF : : area ABC : : area DEF.

This demonstration is only applicable when the larger triangle infinite.

If we desire to extend the demonstration to the case in which the larger

triangle is unlimited, and the smaller triangle finite, we require to introduce a

third postulate, viz., that a triangle of which the vertex is given may be increased

indefinitely by increasing its base. This postulate (if admitted) would lead at

once to the conclusion that ^ABC : ^ABG : : area ABC : area ABG, whilst

ABG is made as large as we please; and, consequently, if ^ABC be a finite

quantity, ^ABG might be made to exceed two right angles by making ABG large

enough. But as this is manifestly impossible, we should have a proof of the fact

that ^ABC=0, or the three angles of a triangle taken together equal to two right

angles. The postulate, however, is not legitimate as a logical canon. It evi-

dences, however, the extreme narrowness of the limits towards the received

doctrine to which the inquiry is pushed.
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We may advance yet a stage further. It will suffice if the needed postulate

read thus

—

Postulate 3. Given a finite triangle and a finite number, it is possible to find

a triangle which shall exceed the multiple of the given triangle by the given

number.

If this postulate be admitted, we can prove that the angles of a triangle are

together equal to two right angles as follows :

—

Let ABC be a finite triangle : ^ABC will be a finite angle, however small

;

and the multiplier m, which applied to ^ABC shall make it greater than two

right angles, will be finite. By the postulate a triangle can be found the area of

which shall exceed m times the area ABC. Let DEF be this triangle ; then

5DEF : ^ABC : : area DEF : area ABC
* :p^m : 1

Therefore ^DEF:^w^ ^ABC
:^two right angles ; which is absurd

Hence, the angles of a triangle cannot fall short of two right angles.

It must be remembered that this is not put forth as a demonstration : it is

merely exhibited to shew what more will suffice to render the demonstration

possible.

Cor. It is evident that the area of a quadrilateral is proportional to its angular

defect from four right angles ; and that, with this understanding, everything

which has been here demonstrated of triangles is applicable to quadrilaterals.

Prop. XVIII. Iffrom two points in one straight line the perijendiculars drawn to

another straight line are equal., so that the lines are parallel (Prop. VI.), a7id a

straight line he drawn from one of the given poijits to a point in the given line

produced on the side towards which the point lies., the exterior angle which

this line makes with the line joining the points exceeds the interior opposite

angle which it makes with the other line, hy the angular defect of the quadri-

lateralformed hy these three lines and the common perpendicular.

Let CE=DF in the figure of Prop. VI., and let any point B in EF produced be

joined with D and let BD be produced to L ; -===:CDL exceeds FBD by the angular

defect of KHBD. For 90°-CDF = |^CEFD (Prop. XVIL, Cor.)

= 5KHFD (Prop. VI., Cor. 2),

and CDL + CDF + FDB = 180°

;

therefore CDL-FBD= 90°-CDF + 90°-(FBD + FDB)
=^KHFD+^DFB
= 5KHBD.

VOL. XXIII. PART III. 6 E
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Prop. XIX. If two triangles ham the three angles of the one equal, each to each, to

the three angles of the other, the triangles are equal in every respect.

Let ABC, DEF, be two triangles, which have the angle A = D, B=E, and C = r,

the triangles are equal in every respect. For their areas are equal (Prop. XVII.)

If, therefore, AB be greater than DE, AC must be less than DF. From AB cut

off AG=DE, and produce AC to H, making AH= DF ; the triangle AHG is equal

in every respect to DEF ; therefore, --::AHG =DFE = ACB, which is impossible.

The triangles ABC, DEF, are therefore equal in every respect.

Props. XVL to XIX., again recall the properties of the

circle. They are in fact properties of spherical triangles

on the same sphere if the phrase angular defect be con-

verted into spherical excess. We may now apply the

(popular) idea of a circle to the triangle as in the accompanying figure.

Prop. XX. Upon one of the sides of a given triangle to construct an isosceles triangle,

that shall have its area and the sum of its angles equal to those of the given

triangle. (This is Mr Meikle's proposition. It is introduced for the sake

of some corollaries).

Let ABC be the given triangle. Bisect AB, AC, in D and E ; through DE
draw GDEH, and from A, B, C, draw perpen-

diculars AF, BG, CH, to GDEH. Bisect GH in

I, draw IK perpendicular to GH, and equal to AF,
join KB, KC; KBC is the triangle required. The

triangles ADF, BDG, are equal, as also the tri-

angles AEF, CEH (Euc. i. 26). Hence the figure

BGHC is equal to ABC in area, and the sum of the angles of ABC is equal to the

angles GBC, BCH. NowKI =AF =BG=CH. Therefore the triangles KIL and
BGL are equal, as also the triangles KIM, CHM, so that KM=MC; hence also

the triangle BKC is equal in area to the figure BGHC, and the sum of its angles

is the sum of the angles GBC, BCH ; therefore the triangles ABC, KBC, are

equal both in area and in the sum of their angles.

Also because GL = LI, IM= MH, each of them is iGH ; therefore they are

equal, and BK=KC ; or BKC is an isosceles triangle.

Cor. 1. The line which joins the points of bisection of the sides of a triangle

is parallel to the base.

For BG =CH ; hence GH is parallel to BC (Prop. VI.)

Cor. 2. If two equal triangles be upon the same base and on the same side of
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it, the straight line which bisects the sides of the one bisects also the sides of the

other.

For both these lines pass through LM, the points of bisection of the saone

isosceles triangle.

Cor. 3. Euclid's Prop. 39, " Equal triangles upon the same base, and upon

the same side of it, are between the same parallels, " is true.

For the perpendiculars from the vertices of the equal triangles on GH are

both equal to KI, and therefore equal to one another.

Hence the line joining their vertices is parallel to GH ; but GH is parallel to

BC ; therefore the line joining the vertices is parallel to the base.

The last part of the demonstration holds good, from the circumstance that

the straight line GH, to which the two are both parallel, lies between them.

Euclid's Proposition 30 is not admissible, and has not been assumed. It will be

seen by Prop. IX. that Euclid's proposition 30 is not compatible with our axiom.

Hence also the converse of this corollary is not true. Instead of it, i. e., instead

of Euclid's Prop. 37, we have the following.

Coi\ 4. Triangles upon the same base, and whose other sides are bisected by

the same straight line, are equal to one another.

Let ABC, KBC, be any two triangles on the same base, and having their

other sides bisected by the same straight line GH, area ABC = KBC.
For each triangle is equal to the figure GBCH.

Cor. 5. Euclid's Prop. 40, "Equal triangles on the same side of bases which

are equal and in the same straight line are between the same parallels, " is true.

The demonstration differs little from that given above for Cor. 3.

Cor. 6. Euclid's Prop. 38 requires a similar alteration to that made on Prop.

37 in Cor. 4.

Cor. 7. If I be mil/ point in the line GH, the triangle KBC is still equal both

in area and in the sum of its angles to ABC.

Cor. 8. Also KM=MC as before.

Cor. 9. The results given in Cors. 7 and 8 are also true if L be taken, any

point in GH, and LK be made equal to BL, for then KI=BG as before.

Cor. 10. Hence, upon BC there can be described a triangle equal in area and

in the sum of its angles to ABC, and having one side equal to a given straight

line greater than one of the sides AB, BC, of the triangle. For BL may be taken

equal to half that line.

Prop. XXI. To find a pomt in the base of a triangle iwoduced, such that the tri-

angle on the part produced, of which the vertex is the same as that of the given

t7'iangle shall he equal in area to the given triangle ; when it is possible.

Let ABC be the given triangle ; C the angle which is not greater than B, and

y
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It is required to find a point Hwhich is therefore less than a right angle

in BC produced, so that the triangle

ACH may be equal in area and in the

sum of its angles to ABC ; whenever

it is possible.

Upon AC describe the triangle

DAC = BAC (Euc. i. 23.) Bisect DA,

DC in E and F
;
join EF, and produce it

till it meets BC in G, when it is possible.

Make GH= CG, CAH is the triangle required, For (Prop. XX. Cor. 8) AO = OH

;

therefore (Cor. 9) the triangle ACH is equal in area to ADC, that is, to ABC.

Cor. By carrying on this process, we can multiply the triangle ABC to some

extent, as is done in Euclid vi. 1. But here there is a limit to the multiplication.

It must terminate when EF fails to meet BC produced. That this will happen

after a finite number of equal triangles has been found, we now proceed to show.

First, the further angle of the triangle constantly diminishes (Euc. I. 16). Let

ACB (to save the trouble of drawing another figure), be any one of the equal

triangles. The construction shows that the perpendiculars from A and C on EG
are equal ; therefore (Prop. XVI 11.)

-=i:ACB-^-rEGB= 5 area included by AC, EG, CG, and the common perpen-

dicular.

Now, the common perpendicular bisects the area included between the two

perpendiculars from A and C on EG (Prop. VI. Cor. 2), and this area is equal to

the area of the gwen triangle ABC ; therefore -:^ACB- EGB:p^^^ABC. It follows,

therefore, that for the addition of every new triangle equal to ACB, the angle in

advance suffers a diminution of more than half the angular defect of the given

triangle. It will therefore be reduced to zero, or a negative quantity, by taking

a finite multiple of the triangles ; after which no point can be found in BC

produced which will yield another triangle equal to the original triangle.

Again, let ACB be a triangle of which C is an obtuse angle ; and let AX be

drawn perpendicular to BC produced ; then, since both the triangles ABC, ACX
are finite, a finite multiple of ABC will exceed ACX. Let ACY be the first

multiple of ABC that exceeds ACX ; ARY the last of the triangles, each equal

to ABC, which constitute their multiple. Then the triangle ARY may be treated

as the triangle ABC is treated above ; and the conclusion is general : that only

a finite miiltiple of a given triangle can he formed hy joining the vertex mith succes-

sive points in the base j^^'oduced.

This very curious result is important, as maintaining the consistency of the

results mentioned in Prop. XVIL, and it serves as a strong caution against hasty

inferences.

To retain Euclid's definition of a parallelogram, it is requisite to combine with



RESPECTING THE THEORY OF PARALLELS. 449

it some special definition of the particular parallels which form the parallelogram.

For example, we may define a parallelogram as a four-sided figure, of which the

opposite sides are parallel, hy making the alternate angles with one of the diagonals

equal. It will thus be a symmetric figure.

Euclid's definition of a square is at any rate vicious. To alter it consistently

with Euclid's construction (I. 46), reading it simply as an equisided quadrilateral

that has one angle a right angle, becomes an impossibility on our hypothesis

We may adopt the following

Definition.—A square is a four-sided figure, which has all its sides equal and

all its angles equal.

Prop. XXII. The opposite sides and angles of a parallelogram are equal to one

another.

Let ABCD be a parallelogram ; AC the defining diagonal.

The triangles ABC, DCA have the angles CAB, ACB respec-

tively equal to ACD, DAC and the diagonal common ; there-

fore they are equal in every respect ; whence the truth of the

proposition.

Prop. XXIII. The alternate angles which the sides of a parallelogram make mth
both diagonals are equal.

The triangles ABD, CDB are equal in every respect (Euc. I. 8) ; whence the

truth of the proposition.

Cor. Either diagonal bisects the parallelogram.

Prop. XXIV. Parallelograms upon the same base cannot be between the same

parallels,

For if they could, the diagonals of the two parallelograms drawn from the

same point in one of the parallels would make the alternate angles equal ; which

is impossible by Prop. VII.

Prop. XXV. The point of intersection of the two diagonals of aparallelogram is the

. middle point of the common perpendicular to each pair of parallels, which con-

stitute its sides.

For if from this point a perpendicular be drawn to each of the opposite

parallels, there will be formed two triangles equal in every respect (Euc. I. 26)

;

and consequently the perpendiculars will be in a straight line.
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Definition. The point of intersection of the two diagonals is the centre of the

parallelogram.

Prop. XXVI. Parallelograms upon equal bases may he between the same parallels

only when they have the same centre.

For if other parallelograms were upon equal bases, the perpendiculars through

their centres on one of the parallels would also be perpendicular on the other

(Prop., XXV.) which is impossible (Ax. Cor. 2).

Prop. XXVII. Upon a given diagonal to describe a square.

Let AB be the given diagonal ; it is required to describe a square on AB as

diagonal. p

Bisect AB in C ; draw CD perpendicular to AB, and pro-

duce it, and make DC, CE, each equal to AC. ADBE is the

square required.

The triangles are all equal (Euc. I. 4). whence the con-

clusion is obvious.

Cor. A square is a parallelogram.

iJ
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On the Temperature of certain Hot-Springs in the Pyrenees. By

R. E. ScoEESBY-Jackson, M.D., F.R.C.P., Lecturer on Materia Medica and

Therapeutics at Surgeons' Hall, Edinburgh.

(Read ISth January 1864.)

Having determined to spend my autumn holiday in the Pyrenees, it occurred

to me that I might add a linlc to a very interesting chain of observations which

was begun by one of the Vice-Presidents of this Society in the year 1835.

Twenty-eight years had elapsed since Principal Forbes made his careful obser-

vations of the temperatures of certain of the Pyrenean hot springs ; and I thought

that if I could repeat his experiments after so long an interval, the results might

not be without some interest.*

A visit to the Pyrenees in the year 1835 was so far uncommon as to make a

description of the places through which the traveller passed a source of enter-

tainment to the general as well as the scientific reader ; but now such description

would be tedious. Then, too, some remarks were necessary touching the geolo-

gical features of the localities where the springs existed ; but it is unnecessary to

repeat them now, for I am not aware that the explorations into the rocks in

search of new springs, or of a more abundant supply of water from the older

springs, have altered the relations as described by Principal Forbes. Therefore,

respecting the natural aspect of the country, beautiful though it be, and its geo-

logical features, I shall have nothing to say ; and as I have no new theory of the

cause of thermal springs to propound, I need not repeat the speculations with

which we are familiar.

The temperature of thermal springs is interesting in a variety of aspects.

The geologist and the chemist are alike concerned in it, and to the physician it

is a question of no slight importance. In the treatment of diseases by mineral

waters, temperature is a cardinal element ; indeed in many instances the thermal

feature appears to be that by which alone the water is characterised as a medi-

cine. Physicians who frequent the bathing places during the season when in-

valids resort to them, and who have unusual facilities for witnessing the ejffects of

mineral waters, have great confidence in the curative power of heat. In esti-

* See Principal Forbes' paper " On tlie Temperatures and Geological Relations of certain Hot
Springs, pai'ticularly those of the Pyrenees"

—

Philosophical Transactions, Part II. for 1836.
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mating the influence of mineral waters three elements are to be considered,

—

the water itself, the substances dissolved in it, and the temperature. Anglada

has remar]{:ed, that water alone, with the aid of certain temperatures, is capable

of producing the diversified effects of a crowd of medicines. Thus, he says, the

same liquid which, at a temperature of 35" to 37" Cent, may be used as an

emollient, becomes powerfully excitant at from 39° to 41° Cent, and is trans-

formed into an energetic irritant from 42° to 45°,—a temperature which the body

can support only for a few seconds (Op. tome ii. p. 381, et seq.) M. Fontan,

medical inspector of the waters at Bagneres-de-Luchon, divides the action of

thermal mineral waters into two parts; an immediate ov physiological action, due

to the temperature of the water, and a mediate or tlierapcutic action, due to its

mineral ingredients. He remarks that the springs which enjoy the highest and

most enduring reputation are those whose temperature approaches nearest to

that of the human body, and is constant. He declares, that by means of different

temperatures alone he can, by the use of mineral waters, either allay the nervous

susceptibility of a Belle, or excite a very Hercules.* M. Ouegaud, the medical

inspector of the waters at Ussat, amusingly describes his establishment as a

thermal gamut, having a note, that is, a degree of temperature, for every phase

of disease.!

But from whatever point of view the suliject of the temperature of thermal

springs may be regarded, it cannot but be interesting to know whether the tem-

perature be constant or variable.

" It is a singular fact," Principal Forbes remarks, " that we are not only

unacquainted with the progressive variations of temperature in springs during long

periods of time, but even with the diurnal or monthly changes to which many
thermal waters are probably subject. The usual statement of the constancy of the

heat of such springs at all seasons is abundantly general, but perfectly vague."

This statement, made in 1835, does not seem to have induced any regularity of

observations. The same general but unsupported assertions of the constancy

of the temperatures, from season to season and year to year, were made to me at

* " Je crois que I'on doit tenir compte avec beaucoup d'exactitude des temperatures auxquelles on

administre les eaux thermales, et je suis persuade, pour ma part, que les mots fortes et faible, que

I'on prodigue, sans examen, k telle ou telle eau, sont appliques le plus souvent d'une maniere

irreflecliie quant a la composition de I'eau. Que si Ton entend par forte la propriete immediatement

excitante d'une eau tliermale, elle doit etre bien plutot entendue de sa temperature que des propor-

tions chimiques des substances qui j sont contenus. Je me cliargerais, pour ma part, de calmer la

susceptibilite nerveuse d'une petite-maitresse avec un bain d'eau de la Grotte de Bagneres-de-Luchon

—applique h, + 32 ou + 33 Cent., et d'exciter un Hercule avec la source de la Preste ou du Pre

de Cauterets a la temperature de + 44° et de -f-
47° Cent."

—

Recherches sur les Eaux Minerales,

p. 185.

\ " D'ou il resulte que ces bains, disposes successivement commc les touches d'un clavecin,

offrent une serie de temperatures decroissantes, entre 37 et 31 degres centigrades, qui forment una

sortedegamme thermale modulee selon les divers besoins de la therapeutique."

—

Precis sur les Eaux
Thermo-Minerales cZ' Ussat-les-Balns.
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most of the thermal stations in the Pyrenees. The utmost that I have met with

in the form of a continuous record is contained in work (Eaux Minerales

* des Pyrenees) by Professor Filhol of Toulouse. At page 97 of his book, M.

FiLHOL has given a table of observations made at Bagneres-de-Luchon, at irre-

gular intervals between 1st August 1849 and 15th April 1853; but during that

period there are only eighty-six daj^s of observation. It is to be regretted that,

from one so highly respected and so eminently fitted to undertake the task, we

have not a longer and more connected series of observations. But, far from

charging M. Filhol with lack of zeal, we owe him a large debt of gratitude

for the labour which he has bestowed on the subject, and for his very valuable

record. The value of the table is enhanced by the facts that the observations

are -all made by the same person, exactly at the same points of each spring,

with the same instruments, they being verified on several occasions. There-

fore, as the observer justly remarks, no doubt can attach to his results.

From his laborious personal observations, M. Filhol is convinced that the

temperature of springs—even those best regulated and most protected from water

of infiltration— 25 7iot ahsoluteig inrariahle. With respect to the variability of

their temperature, he divides the springs of Bagneres-de-Luchon into two groups.

In the first group he places those springs which do not vary more than a few

tenths of a degree at the season of snow-melting, when the level of surface water

in the galleries is unusually high ; and in the second group those springs whose

temperature is more variable, the changes being evidently in relation with the

height of the surface water. In the latter group, with a change of temperature,

there is generally a corresponding change in the volume of water, a lower tem-

perature being observed with an increase in the abundance of water. But this is

not uniformly so. The increase in the volume of water of a spring, at the season

of snow-melting, is not always due to water of infiltration. Occasionally the

volume of water is increased without any diminution of temperature ; more than

that, there is sometimes a diminution of temperature with a diminution in the

volume of water.*

M. Filhol believes that springs with a high temperature are less susceptible

of variations than those of a low temperature.f

* A diminution of temperature does not always follow tlie increase of surface water : Dr
Garigou, of Ax, says :

—" Plusieurs sources sont, en effet, psnetrees par les eaux pluviales ou par
I'eau des torrents a I'epoque des fortes crues, et en meme temps que leur volume augmente, on peut
suivre I'abaissement de leur temperature et ime diminution dans leur richesse en sulfui'e. Pour deux
sources, cependant, j'ai pu, pendant I'hiver, a I'epoque de la fonte des neiges, constater une elevation

de temperature bien evidente. Pour I'une de ces sources, celle du Rossignol superieur, la tempera-
ture s'est elevee de 0'7 ; et pour la seconde, la source Hardy du Breilh, I'augmentation dans le

calorique a ete de 1°."

—

Etude Chimique ct lledicale des Eaux Sul/ureuses d'Ax.

f
" Je crois avoir remarque que les sources les plus chaudes sont celles qui eprouvent le moins

de variations ; c'est ainsi que la source Bayen a oscille, dans I'espace de trois ans, entre 67° 25, et

1810."—Op. cit., p. 96.

ll



454 DR R. E. SCORESBY-JACKSON ON THE TEMPERATURE

M. Ernest Baudrimont made a series of observations at the Grande-Grille,

Vichy, to ascertain what changes mineral waters are subject to in their compo-

sition from day to day. At the same time he recorded the temperature of the

water, and on several days in September 1850, he notes it as follows ; showing

an extreme range in eleven days of '80 Cent. = l''-44 Fahr.*

Day of Month Temperature, Centigrade. Day of Month. Temperature, Centigrade

3 33'33 9 32-80

5 33-33 12 33-25

7 33 14 33-60

Whenever I had an opportunity I put the question, whether the temperature

of the springs varied from day to day, from season to season, or from year to year.

The answer that I received was almost without exception a negative When I

asked the question of one ofmy professional brethren, the repl}^ was often a little

modified, ^rirzV// variations being generally admitted : but when I put the question

to an ouvrier attached to any of the establishments, he invariably betrayed

his sense of the importance of uniformity of temperature by a most emphatic

denial. The prevailing opinion in the Pyrenees touching the variability of tem-

perature of the springs is precisely what has been stated by Dr Lambron, in

his comprehensive work (Les Pyrenees, et Les Eaux Thermales Sulphurees

de Bagneres-de-Luchon.) He says :
— " The variations of temperature to which

well secured {Men capUes) thermo-mineral springs are liable are generally

so trifling (de 1 a 2 degres), that we may consider the temperature which

they bear from the interior of the earth to be constant ; and we may attri-

bute the variations to fortuitous causes, operating either in the interior of

the globe (as earthquakes), or far more commonly near the surface, as by

the infiltration and admixture of surface water. And these variations are

so transient, that at the end of a few days, their normal temperature is

restored" (p. 414).

Suppose it were commonly admitted, however, that slight variations of tem-

perature do occur from season to season, important as that may be to the physician

and his patient, still the larger c^uestion, as to a regular and permanent loss or

increase of temperature remains to be answered. M. Filhol remarks, that the

changes of temperature are not alwa^^s in one direction ; he found the same

springs to be sometimes a little above, sometimes a little below their normal

temperature. It is possible, therefore, that temperatures taken at long intervals

may differ, to a certain extent, without there being any really permanent change.

If one observer record the temperature when the spring is abnormally low, and

another when it is abnormally high ; or one in winter and another in summer, a

difference of several degrees may be obtained, without the water having per-

* Annales de la Societe d'Hydrologie Medicale de Paris, t. ii. p. 251.
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manently changed its temperature, but merely having oscillated l)etween these

extremes. One advantage derived from a comparison of my observations with

those of Principal Forbes is that we both observed at the same time of year—

namely, in or near the month of August.

There are certain circumstances calculated, if not satisfactorily explained, to

cast discredit upon the results of an investigation of this kind : they respect the

character of the instruments employed ; the scrupulosity of the observer ; and

certain local conditions.

1. Instruments.—One of the difficulties that we have to contend with in com-

paring observations made at long intervals, is that of ascertaining the nature of

the instruments employed by former observers. Unless the errors of the instru-

ments are recognised and corrected, it is quite possible that what may appear

to be a change of temperature may be nothing more than the fault of a ther-

mometer. Principal Forbes has been most minute in describing the means adopted

for the verification of the instruments which he employed ; and M. Filhol has

also been at great pains to check the errors of his instruments.

Knowing that accuracy of result depended greatly upon the character of the

instruments employed, I applied to one of the first houses in Edinburgh, request-

ing them to make for me four thermometers of the best description, two going to

140° Fahr., and two to 212° Fahr. These were marked respectively, A, B, C,

and D. They were tested by Mr Buchan, the acting Secretary of the Scottish

Meteorological Society, who having examined them and compared them with the

Society's standard thermometers, pronounced three of them perfectly accurate,

and the fourth very slightly faulty. The latter was rejected. All the instru-

ments are very sensitive, the mercury rising in the tubes very rapidly when heat

is applied. As thermometer D was used at every spring, returned uninjured,

and was again tested by Mr Buchan and found perfect, I need only describe it.

For convenience of carriage, its length is only '^from the extreme ends) thirteen

inches. It is a simple glass tube without mounting, the scale being marked on

the tube, and containing eighteen degrees Fahr. to an inch. The degrees are not

subdivided ; but I had no difficulty in estimating the parts of a degree.

2. The Observer.—Having obtained trustworthy instruments, the next fear of

error was from carelessness in using them. Any error from this source I was

particularly anxious to avoid, and fearing that—from the awkward positions in

which many of the observations were made—I might, in the reading of a figure or

otherwise, make a mistake, I always endeavoured to associate myself with some

person of local reputation who would accompany me to the springs, and make an

observation with his own thermometer at the same time. After the observa-

tion at each of the springs was made and entered in my book, the Centigrade

' degrees of my associate's thermometer were reduced to those of Fahrenheit ; if

the observations accorded, or were within one or two-tenths of a degree, we
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were satisfied ; if they differed more than that, we repeated the observations,

sometimes three or four times; but often failed in the end to bring the two

nearer than within two or three tenths of a degree. Both observations are inva-

riably given in the descriptive remarks and in the tables. When the tempera-

ture was taken at a buvette, or other running stream, a large tumbler was placed

under the stream ; the water was allowed to flow into and over it for a minute or

two, until the glass assumed the temperature of the Avater as nearly as it could

be made to do ; the thermometers were then placed in the tumbler, and allowed

to remain for a short time, and were then read ; the water all the time flowing

over the tumbler. When the temperature was taken at the source (to arrive at

which, we usually entered into a gallery or drift, in the floor of which the

springs are secured), we dipped our thermometers into the spring, moved them

about from place to place to find the hottest part, and read them whilst immersed.

When it was practicable, we plunged the thermometers so low as to bring the

summit of the mercurial column on a level with the surface of the water, but we

could seldom read them in that position, being obliged to raise them a little to

bring them to the level of the eye (the head stooping to the floor of the gallery).

Sometimes it occurred that the water was so far below the level of the floor

of the gallery that we could not get near the thermometers to read them

whilst they were immersed. In such cases we got a wine bottle, placed the

thermometers in it, tied a cord round its neck, and lowered it into the water. It

filled with the water, and we allowed it to remain some minutes, then hauled it

up and read the instruments as quickly as possible. Sometimes we were placed

in very inconvenient positions, sprawling upon the floor of the gallery, with the

head and limbs awkwardly twisted, encumbered with a candle and a thermo-

meter, and exposed to an atmosphere resembling that of a Turkish bath ; but we

never left a spring without carefully repeating our observations several times

when necessary. I most cordially express my thanks to those gentlemen who so

patiently accompanied me into these uncomfortable situations, and whose names

I shall have occasion to mention hereafter. We often found it very difficult to

record an exact temperature when there was an escape of gas from the waters, or

where the water rushed up with force. In these cases, the rippling of the water

caused the mercury to oscillate in the tube so rapidly, that it was difficult to

read the instrument ; but we always endeavoured to catch the highest point.

3. Place of Observation.—It is difficult to ascertain the exact spot at which a

previous observer has plunged his thermometer. So many alterations have been

made of late years at the Pyrenean spas, that I scarcely think it likely that I

have in many instances succeeded in observing at the precise place occupied by

Principal Forbes in 1835. In most instances, my observations have probably

been made nearer the actual origin of the springs, because at most of the spas

the waters have been traced, by means of excavations, further into the rocks. At
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Ax, I believe the position of observation is identical, for no alterations appear to

have been made there since 1835 ; the place answers exactly to Principal Foebes'

description. In my remarks respecting each of the places visited, I have endea-

voured to mention these local peculiarities.

In describing the points where I have made "my observations, I frequently use

the word griffon. I must explain the meaning of the expression. It is used rather

vaguely to express a near approach to the point where the spring emerges from

the ground ; but I have used it to signify the point where the water passes from

the fissures in the rock into the artificial apparatus constructed for its reception,

where it is, for the first time, securely cut off from all external influences. This

securing of the water is termed captage. At this point the water usually issues

by several thin streams from the ground, and it is possible that these may have

different temperatures. Care is therefore to be taken in immersing the thermo-

meter, to move it about in order to ascertain whether such differences exist. I

frequently found that when my companion's thermometer was placed at a little,

even two or three inches, distance from my own, different temperatures were

recorded. Usually, it is not until the water has become well mixed, at a little

distance from the place where it emerges from the rock, that it acquires a uniform

temperature.

All my observations were made in the month of August 1863.

EAUX CHAUDES.

Here I had the kind and able assistance of Dr Prosper de Pietra-Santa,

physician to the Emperor, who resides during the bathing season at Eaux Bonnes.

He kindly accompanied me to Eaux Chaudes. The thermometer employed by M.

Pietra-Santa was made, I believe, by Fastre of Paris, and was, as I understood,

quite accurate. I measured it with my pocket tape, and found it to contain

twenty-five degrees of Centigrade to an inch, or forty-five degrees of Fahrenheit,

which on my own thermometer (D) occupy a space equal to two inches and

a half.

The thermal establishment which existed in 1835 has since been pulled down,

and the waters are now administered in a handsome building, constructed in the

years 1848-50 by MM. FRANgois and Latapie. The new establishment is built

upon the right bank of the Gave, at a distance of only a few yards from the

site of the old one. This change of position, however, must necessarily affect the

temperature of the water at the place where it is employed by the invalid, the

distance between the burettes and the griffon of certain of the springs being as

much greater now than it was in 1835 as the distance between the old and the

new establishments. The effect of this change of position, I was informed, was

decidedly injurious to these springs, whose waters are now conducted a greater

distance in pipes.
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Of the six springs in use at Eaux Chaudes, three are conducted into the estab-

lishment, and these are they which are affected by the change of position. They

are named Le Clot, VEsquirette, and Le Rey. The other three are employed at

the several points at which they rise ; they are called Baudot, VArressecq, and

Mainvielle.

Le Clot.—This spring is received, at its point of emergence, into a reservoir

which is hermetically closed. From this reservoir the water is conveyed by two

conduits to the establishment—the one leading to the baths, the other to the

huvette. The water, doubtless, loses a certain quantity of heat during its passage

from the actual source to the huvette ; and I was told, moreover, that, in spite of

every effort to preserve it from decomposition, the amount of sulphuret of sodium

in the water is much less at the baths and the huvette than at the griffon. The

loss of temperature at the huvette I was unable to ascertain, as I had no oppor-

tunity of testing it at the griffon. The actual temperature observed by me at the

huvette was 9400 Fahr. At the same time, M. de Fietra-Santa read his ther-

mometer at 34-50 Cent. = 94-10 Fahr.

L'Esquirette.—This spring has been divided into two parts by a recent explo-

ration into the rock ; they are termed respectively hot and temperate. The hot

stream is conducted to a huvette in the establishment, and supplies also, in com-

bination with the temperate stream, the baths and douches. The distance between

the griffon and the huvette of this source, I was told,* is 30 metres, equal to

98-427 English feet. The temperature observed by me at the griffon was 9380

Fahr. M. de Pietra-Santa recorded 34*20 Cent. = 93'5(j Fahr. At the huvette

I found the temperature to be 92-40 Fahr.; M. de Pietr.\-Santa, 3350 Cent. =

92-30 Fahr.

Le Rey.—This spring rises on the site of the old establishment, and is im-

mediately received into a reservoir, whence it is conducted to the new establish-

ment. The distance between the griffon and the huvette I did not ascertain.

The temperature recorded by me at the reservoir was 91*40 Fahr,, M. de Pietra-

Santa at the same time recording 33*00 Cent. = 91-40 Fahr. At the huvette I

recorded 90*00 Fahr , and M. de Pietra-Santa 32-00 cent. = 89-60 Fahr.

Baudot.—The temperature of this spring was taken at the huvette, close to its

point of emergence from the granite. My thermometer marked 77-00 Fahr. ; M.

DE Pietra-Santa, 2500 Cent. = 77-00 Fahr.

VArressecq.—The temperature of this spring was also taken at the point

where it leaves the granite. My thermometer marked 7490 Fahr. ; M. de Pietra-

Santa, 24-00 Cent. = 75*20 Fahr.

Mainvielle.—The temperature of this spring was taken at the huvette, which is

* The distances mentioned throughout are such as vvei'e told me by the gentlemen who
accompanied me to the several springs. I had no opportunity of measuring them.
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placed immediatel}^ in contact with the griffon, or point of emergence, at the foot

of a block of granite. The temperature recorded by me was 51-80 ; M. de Pietra-

Santa recorded 11-00 Cent. = 51-80 Fahr.

The following table shows the temperature of the springs at Eaux Chaudes,

as recorded by different observers at various periods. I give the Centigrade as

well as the Fahrenheit reading of the temperature.

^arae of Observer, Le Clot.

L'Esquirette. Le Key.

and
ate of Observation.

(Buvette.)

(Griffon.) (Bnvette.) (Griffon.) (Burette.)

(Griffon.) (GrilTon.) (Griffon.)

F. C. F. 0. F. C. F. 0. F. 0. F. 0. F. C. F. C.

^orbes (July 1835), . 94-60 34-78 91-40 33-00 ... 92-00 33-35 80-20 26-78 76-30 24-62

itan (Sept. 1835), . 97-07 36-15 89-00 32-00 ... 92-57 33-65 81-05 27-25 77-18 25-10

atan (Sept. 1837), . 96-80 36-00 ... 90-68 32-60 ... 93-20 34-00 80-78 27-10 77-18 25-10 52-25 11-25

itrac (1841), . . . 96-80 36-00 ... ... 93-20 34-00 ... ...

iorFilbol (1850), . 93-38 34-10 ... 94-64 34-80 ... ... ...

naocnier (1860), . 97-16 36-20 95-00 35-00 92-30 33-50 ... 77-00 25-00 76-64 24-80 52-70 11-50
1

Pietra-Santa (1863), 94-10 34-50 93-56 34-20 92-30 33-50 91-40 3300 89-60 32-00 77-00 25-00 75-20 24-00 51-80 11-00

resby-Jackson(1863), 94-00 34-45 93-60 34-33 92-40 33-56 9140 33-00 90-00 32-22 77-00 25-00 74-90 23-85 51-80 11-00

EAUX BONNES.

At Eaux Bonnes, also, I had the able assistance of M. de Pietra-Santa.

There are several springs, but three only w^re available for my purpose, the rest

being mixed in such a manner as to prevent the temperature of each being taken

separately. The springs whose temperature I tested were La Vieille, Source du

Bois, ou Soicrce Froide, and Source d'Orteich.

Both the griffon and the buvette of La Vieille Source are within the thermal

establishment, and are within four feet of each other, being separated only by a

wall, through which the water is conveyed by a short pipe. At the griffon, the

temperature was not easily taken. The chamber in which it is situated was

gloomy, so that we could not read the thermometers without the aid of a candle

;

and even with that aid we could not read them whilst immersed in the water, the

opening into the spring being very narrow, and the column of mercury, when the

bulb was immersed, being below the level of the opening ; that is, below the floor

of the chamber. Even'Vith my face touching the floor and close to the opening,

I could not read the thermometer without raising it several inches, and when I did

see the column it was subsiding so rapidly that I could not be certain of having

seen it at its highest point. To obviate this difficulty, we placed the thermo-

meters in a wine bottle, which was then lowered into the water, filled, and

allowed to remain until the bottle assumed the temperature of the water. It was

then withdrawn, and the thermometers were read whilst yet immersed in the

water. The temperature recorded by me was 91 20 Fahr.; that by M. de Pietra
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Santa, 32 75 cent. = 9095 Fahr. The temperature was taken also at thebm-ette,

and was found to be, as nearly as possible, the same as at the griffon.

Source du Bois, or Source Froide.—The temperature of this spring was taken

at a little reservoir (about 6 feet by 3) at the point where the water issues from

the rock. My thermometer recorded a temperature of 54-80 Fahr., M. de Pietea

Santa, 12-8i) Cent. =55-04 Fahr.

Source d'Orteich.—This spring arises in the Vallee du Valentin, where an

establishment is now building. The temperature was taken at the huvette, which

is placed immediately over the griffon, and was recorded by me at 72-30 Fahr.,

and by M. de Pietra-Santa at 22-50 Cent. = 72-50 Fahr.

The following table shows the temperature of the springs at Eaux Bonnes, as

recorded by different observers at various periods :

—

Name of Observer and Date of Observation.

Professor Forbes (July 1835) . . .

M. Fontan (Oct. 1835)

M. Fontan (Sept. 1837)

M. Gintrac (1841)
Professor Filhol (1850)

Professor Filhol (1861)

MM. Francois and Pietra-Santa (1862)
M. de Pietra-Santa (Aug. 1863) . .

Dr Scoresby-Jackson (Aug 1863) . .

La Vieille. Froide. Orteicli.

Fahr. Cent. Fabr. Cent. Fahr. Cent.

91-40 3300 54-40 12-45 . . .

92-03 33-35 55-04 12-80 ... ...

91-96 33-32 55-40 1300 ...

91-76 33-20 55-40 1300 ...

89-96 32-20 53-96 12-20 ...

90-95 32-75 55-94 13-30 71-96 22-20

90-95 3275 55-04 12-80 71-96 22-20

90-95 32-75 55-04 12-80 72-50 22-50

91-20 32-89 54-80 12-67 72-30 22-39

cauterets.

At Cauterets I was kindly received by Dr Buron, and had some conversation

with him ; but he had been for some time, and was then, suffering from severe

illness, and was consequently unable to assist me in my researches. He was

good enough, however, to introduce me to his friend Monsieur de Lalande,

a gentleman who has travelled extensively, and has had great experience in

chemistry and engineering ; and also to Monsieur Broca, an experienced pliar-

macien, who has made himself thoroughly acquainted with the mineral waters of

the district. With these gentlemen I spent many hours in observing the tempera-

ture of the springs. I employed, as on all occasions, the tiiermometer marked D.

The thermometer employed by MM. de Lalande and Broca was made by

Salleron of Paris, and contained ten degrees of Centigrade to the inch of my

measuring tape.

The mineral springs in the vicinity of Cauterets are numerous, and are divided,

according to their position relative to the town, into two groups, named respec-

tively Soutlierii and Eastern. The eastern is the northern group of some authors,

and occasionally the springs of La Raillere are separated into a group by them-
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selves, called Central. Commonly, however, and sufficiently for our present pur-

pose, they are divided into southern and eastern groups.

Southern Group.

The springs of this group emerge from the granite. We visited them in the

following order :

—

La Raillere.—The water of this spring is conducted into an establishment

constructed at its source. We took the temperature first at the buvette, where

my thermometer marked 101 -30 Fahr., at the same time the thermometer of

MM. DE Lalande and Broca marked 88'70 Cent. = 101-66 Fahr. We then passed

to the back of the building and observed the temperature at the gynffon, which is

five and a half metres (=18-044 English feet) from the buvette. Here I found

the temperature to be 101 '80, whilst MM. de Lalande and Broca gave it as

39-00 Cent. =.102-20 Fahr.

Mauliourat.—There are two drinking places to this spring,—one at a distance

of two metres ( = 6-562 English feet) from the griffon, and the second at a dis-

tance of 260 metres (= 853 034 English feet). The buvette at the latter point is

known as the Petit Mauliourat, and was constructed for the convenience of in-

valids who may find it too fatiguing to go to the principal buvette near the griffon,

the Petit Mauliourat being 260 metres nearer Cauterets. The water is conducted

from the source to the more distant huvette by means of pipes. The temperature

recorded by me at the distant buvette {Petit Mauliourat) was 117*150 Fahr., that

by MM. de Lalande and Broca 47-50 Cent. = 117-50 Fahr. At the principal

buvette, near the source, my thermometer marked 121-00 Fahr., that of MM. de

Lalande and Broca 49 50= 121 10 Fahr.

Les (JEufs.—We observed the temperature of this water at three points,

—

namely, at the griffon; at the buvette 300 metres (=984-270 English feet) distant

from the griffon (nearer Cauterets, and in the same building as Petit Mauliourat)

;

and again 1400 metres (=4593*259 English feet) below the latter point (or 1700

metres from the griffon) at the Pont de la Raillere. It is intended to carry the

water of Les CEufs into Cauterets by means of pipes, the operations for which had

been conducted only as far as the Pont de la Raillere, hence I had an opportunity

of recording the temperature of the water there. The distance still to be accom-

plished, from the Pont de la Raillere to Cauterets, is 1200 metres (= 3937"079

English feet). The temperature of the water at the several points of observation

was as follows :

—

Thermometer D. MM. de Lalande and Broca.

Griffon 131-00 Fahr. 5500 Cent. = 131-00 Fahr.

Buvette 300 metres from griffon, 128-00 ,,
53-50 „ =12830 „

Escape 1700 metres from griffon, 119-00 „ 48-50 „ =119-30 „

Le Pre.—The temperature of this water was taken at the buvette, which is
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constructed at a distance of 15 metres (=49 213 English feet) from the griffon.

The temperature recorded by me was 117"40 Fahr., that by MM. de Lalande and

Broca 47-50 Cent. = 117-50 Fahr.

Petit St Sauveur.—The temperature of this spring was taken at the griffon.

I found it to be 9300 Fahr. MM. de Lalande and Broca recorded 34*00 Cent.=

93-20 Fahr.
Eastern Group.

These springs issue from metamorphic schist. We visited them in the fol-

lowing order :

—

Cesar.—We observed the temperature of this water at three points,—namely,

at the griffon ; at the humtte in the building near the source (distance of this

buvette from the griffon 60 metres =196-854 English feet) ; and at the burette of

the establishment in the town (distance of this burette from the griffon 350 metres

= 1148-350 English feet). The temperature of the water at the several points of

observation was as follows :

—

Thermometer D. MM. de Lalande and Broca.

117-40 Fahr. 47-50 Cent. = 11750 Fahr.GrifFon,

Buvette near the griffon (60 metres), 11630
Buvette at the establishment (350 metres), 11400

4700
45-60

= 116-60

= 11408

Espagyiols.—The temperature of this spring was observed only at the griffon,

where I found it to be 115-50 Fahr., and at the same time MM. de Lalande and

Broca recorded a temperature of 46 60 Cent. = 115-88 Fahr.

Pauze.—The temperature of this water was observed at two points,—at the

griffon, which is not more than 80 centimetres from the griffon of Espagnols

;

and again at the buvette, which is distant 10 metres (= 32809 English feet) from

the griffon. The temperature recorded was as follows :

—

GrifFon,

Buvette,

Thermometer D.

109-75 Fahr.

102-30 .,

MM. de Lalande and Broca.

43-25 Cent. =109-85 Fahr.

39-15 „ =102-47 „

The following table shows the temperature of the principal springs at Cau-

terets, as recorded by different observers at various periods :

—

Name of Observev,
and

Date of Obseryation.

Raillfere.

Griffon.

Mauhourat.

Buvette of

Griffon.

CEufs.

Griffon.

Petit St Sauveur.

Griffon.

Pauze-Vieux.

Griffon.

Cdsar.

GrifFon.

F. C. F. C. F. C. F. C. F. C. F. C.

M. Arago (1826), 101-12 38-40 121-28 49-60 ... ... ... 113-00 45-00 117-68 47-CO

Professor Forbes (Aug. 1835), . 101-90 38-80 121-70 49-80 130-10 54-50 90-60 32-50 110-30 43-50 118-10 47-80

M. Fontan (Sept. 1835), . 102-65 39-25 121-37 49-65 ... 91-40 83-00 113-00 45-00 118-49 48-05

M. Fontan (Sept. 1837), . ... 122-00 50-00 ... ...

M. Gintrac (1841), . 101-30 38-50 122-00 50-00 13100 55-00 ... ... 118-40 48 00

Professor Filhol (1850), . 102-20 39-00 120-20 49-00 131-00 5500 ... 119-30 48-50

MM. de Lalande \ , . ,„„„.
and Broca, /

^^"^- ^^^^^' 102-20 39-00 121-10 49-50 131-00 55-00 93-20 34-00 109-85 43-25 117-60 47-50

Dr Scoresby-Jackson (Aug. 1863), 101-80 38-78 121-00 49-45 131-00 65-00 9300 33-90 109-75 43 20 117-40 47-45
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ST SAUVEUR.

There are several mineral springs at St Sauveur, but only two of importance,

namely, La Source des Bains, and La Hontalade. As the water of the latter is

nearly cold, I did not think it of importance to test the temperature accurately.

Unfortunately, I had not the advantage of a good second thermometer at St

Sauveur. M. Charmasson de Puylaval, to whom I was indebted for some atten-

tion, showed me a broken thermometer with which he had carefully taken the

temperature two years previously. I believe the instrument was made by either

Salleron or Fastre of Paris, and appeared to have been such as that used by

MM. de Lalande and Broca at Cauterets.

In company with M. de Puylaval, I visited the establishment which is sup-

plied with water by the Source des Bains. This spring is now isolated from the

rest, and has been traced for several yards into the rock, whence it is led by

means of a pipe into the establishment.

I tried the temperature at the bath and douche nearest the source (according

to M. de Puylaval, 10 or 12 metres from the actual source). I found the tem-

perature to be 93 "50 Fahr. M. de Puylaval tried the temperature with a

common bath thermometer, and found it to be 34-50 Cent. (=94-10 Fahr.) and

stated that it corresponded exactly with his previous observation made with the

now broken thermometer. I then tested the temperature in the bath-room

furthest from the source (about 35 metres distant from the actual source, I was

informed), and found it to be 93-00 Fahr. With the bath thermometer, M. Puy-

laval stated it to be 3380 Cent. (= 92 84 Fahr.), and that it corresponded with

his previous observations.

Lastly, I obtained permission to enter into the excavated rock, and tried the

temperature at a rohinet, which I understood was within two metres of the actual

source, where I found the temperature to be 9400 Fahr. M. de Puylaval had

never taken the temperature at that point, and did not accompany me into the

gallery.

The observations made by Professor Forbes upon the temperature of the

spring which supplies the establishment were not satisfactory. He says,—" We
have stated that there are reservoirs belonging to the thermal establishment of

St Sauveur. The consequence is, that the temperature perpetually varies. I have

repeatedly tried it at the ' Buvette.' Thus on the 20th of July 1835, I found it

to be 90-2 ; and on the 24th, only 88-8."

The temperature observed at the RoUnet de la Douche by various observers at

different periods is given in the following table :

—

M. Fontan (September 1835), .

M. Fontan (September 1837), .

M. Gintrac (1841), ....
Professor Filhol (1850), ....
Dr. Scoresby-Jackson (August 1863),
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Centigrade. FahrenTieit

34-50 =r 94-10

34-50 = 94-10

34-50 = 94-10

34-20 :rz 93-56

34-17 = 93-60
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bar£ges.

I visited Bareges after leaving St Sauveur, and on the same day observed

the temperature of the springs at both places. At Bareges I had the able and

cordial assistance of Dr Le Bret, the medical inspector of the establishment,

and well known as one of the editors of the Dictionnaire General des Eaux
Minerales. The establishment at Bareges is so constructed that the griffons are

not approachable. There are no galleries, the water being conducted immediately

into the baths, which are built close to the actual sources. The only experiment

which I made at Bareges was on the temperature of the Tambour (called also

Grande-Douche). I observed the temperature of this spring at the Burette of the

new establishment, the distance, as I understood from Dr Le Bret, between the

point of observation and the actual source not exceeding one metre. I observed

the temperature with thermometer D, and at the same time Dr Le Bret observed

it with his own thermometer, which was a much shorter instrument than mine,

and the Centigrade degrees were closely marked. The result of our observations

was as follows :

—

Fahrenheit. Centigrade. Difference (Fahr.)

Thermometer D, . . . 109-10 =. 42-83 \ .

DrLeBret, .... 110-30 = 43-50 ]
^'^^

The difference between our observations could not be reduced by the most

careful repetition, and therefore I concluded that the thermometers were at vari-

ance. On returning to Dr Le Bret's house, I placed both thermometers in a

tumbler of cold spring water, and having allowed them to remain a sufficient

length of time, we both examined the instruments with the following result :

—

Fahrenheit. Centigrade. Difference (Fahr.)

Thermometer D,

.

. . . 6440 = 17-83 "1
^ „

DrLeBret, .... 6530 = 18-50 J

By this experiment I conclude that our observations at the spring were both

correct, and that between the temperatures 18-50 and 43-50 Centigrade, Dr Le

Bret's thermometer marks 1-20 Fahr. higher than mine.

Dr Le Bret kindly furnished me with the results of observations made by

Professor FiLHOL in 1862; they will be found at length in the A ?i7iales de la

Societe d'Hydrologie Medicale de Paris, tome neuvieme, p. 369. I give them along

with others in the following tabular form :

—
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Name of Observer,
and

late of Observation.

ago (1826), . . .

Forbes (July 1835),

ntan (Sept. 1835), .

ntan (Sept. 1837), .

atrac(1841), . . .

sor Filliol (1850), .

Bor Filhol (1862), .

Bret (Aug. 1863), .

iresby-Jackson (1863),

Tambour or Grande Douche.

Buvette.

109-40

110-30

109-10

43-00

43-50

42-83

Robinet of
Grande-Douche.

F.

111-38

111-9

112-55

112-55

113-00

110-48

111-38

C.

4410

44-39

44-75

44-75

45-00

43-60

44-10

L'Entree.

Robinet of
Batlis.

F.

99-87

104-4

104-55

104-72

0.

37-7

40-22

40-30

40-40

R. of Cabinet 7.

104-00 4000

La Cliapelle.

Robinet of

Baths.

F.

88-7

89-23

89-15

87-80

87-98

C.

31-50

31-80

31-75

31-00

31-10

R. of Cabinet 1.

91-40

c.

33-00

Polard.

Cistern.

97

C.

36-61

Robinet of

Baths.

F.

98-78

99-13

101-40

C.

37-1

37-30

38-55

^98-60 37-00

-; Cabinet, No.
(12.

BAGN^RES-DE-BIGOREE.

At Bagneres-de-Bigorre, I had the kind and able assistance of J. Maxwell-

Lyte, Esq., an Englishman of scientific attainments, who has resided in

Bagneres for eleven years. The temperature of the springs was observed very

carefully by means of several instruments. I used, as on all occasions, my ther-

mometer D. The instruments employed by Mr Lyte were A, a thermometer

made by Greiner of Berlin, and sold in London by Horne & Co. of Newgate

Street. The degrees on this instrument were marked, both in Reaumur and

Fahrenheit, forty-five of the latter corresponding to an inch of my pocket tape.

B, a thermometer made by Fastee of Paris, with a maximum index ; this instru-

ment had twelve Centigrade degrees to the inch of. my tape. C, a thermometer

(lent for the occasion by M. Soubervie, medical inspector at Bagneres) by

FastrS of Paris, having eight degrees to the inch of my tape. Before leaving Mr
Lyte's house, we dipped three of the thermometers (we had not then got M.

Soubervie's instrument) into a large beaker, containing cool spring water. The

result was as follows :

—

Falirenlieit.

78-40Thermometer D,
Greiner's thermometer,

Maximum,
77-50

25-70 Cent.= 78-26

In the following remarks, I shall speak only of the temperature as recorded

by thermometer D and the maximum thermometer, as there was less difference

between them than between the other instruments and mine ; but I have kept a

record of the temperature afforded by all the instruments.

We first visited the establishment known as Le Salut, between six and seven

hundred yards from the town. There we observed the temperature of three

springs, namely:

—

* See explanation of difference in text.
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Thermometer D. Maximum.
89-00 Fahr. 31-60 Ceiit.= 88'88 Fahr
87-80 „ 30 90 „ =87-62 „
87-00 „ 30-40 ,, =86-72 „

1. Source de la Montague.—The temperature of this spring was taken at its

source in a gallery, excavated at a little distance from the building.

2. Source de VInterieur.—Temperature taken at the hutette in the building,

the distance from that point to the actual source, as I understood, being about one

metre.

3. Source de la Pompe.—Temperature taken at the buvette in the building,

being, as I understood, close to the griffon.

The temperature of the three springs was as follows :

—

Source de la Montagne,

La Buvette de I'lnterieur,

Source de la Pompe,

Afterwards, accompanied by a workman to remove the coverings, we visited

the sources of the springs which supply the principal establishment situated in the

town. We visited the springs in the following order :

—

1

.

Souixe du Platane.—At this spring we could easily read the thermometers

whilst immersed in the water.

2. Source du Foidon.—Here the water was too far below the floor of the

gallery to permit of our reading the thermometers accurately whilst in the water.

We therefore placed the instruments in a quart bottle, which was lowered by

means of a cord into the water, filled, and allowed to remain several minutes. It

was then raised, and the thermometers were immediately read before their re-

moval from the bottle.

3. Source du Dauijliin. —At this spring we could readily read the instruments

whilst immersed in the water.

4. Source de la Reine.—The approach to this spring is not so easy as to the

others. We were able to read the instruments distinctly whilst immersed in the

water. We also took the temperature of the water of La Reine at the huvette in

the establishment ; the distance between the latter point and the actual source

where we had previously observed it, being, as I understood, about 100 metres

(328 English feet).

5. Source de Salies.~-'W\\'s> spring rises in the open space, about twenty paces

from the right-hand corner of the establishment (the observer looking at the front

of the building). At present the spring is open, half a dozen steps leading down

to it ; but it is proposed to extend a wing of the establishment over it.

The temperatures observed were as follows :

—

Thermometer D. Maximum.

Source du Platane, 92-30 Fahr. 33-40 Cent. = 92-12 Fahr.

Source du Foulon, 95-00 „ 35-00 „ = 95-00 „

Source du Da'upliin, . 119-40 „ 48-40 „ = 119-12 „

Source de la Reine {griffon), 115-00 „ 46-00 ., = 114-80 „

{huvette) 110-40 „ 43-50 „ = 110-30 „

Source de Salies, 123-00 „ 50-45 „ = 122-81 „
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The following table shows the temperature of several of the springs at Bag-

neres-de-Bigorre, as recorded by various observers at different periods :

—

imc of Observer
and

e of Observation.

Foulon. Dauphin. La Eeine. Salies.

Griffon. Bath. Griffon. Comluit. Griffon. Conduit. Buvette. Gi-iffon.

)(1826), ....
bes (Aug. 1835), .

Ji (Oct. 1836), . .

n (Sept. 1837) , .

Filbol (1861), . .

11-Lyte, Esq. (1863),

by-Jackson (1863),

F.

...

95-90

95-00

95-00

C.

36-50

3500

35-00

F.

93-20

(95-54

1 Eob

94-10

C.

34-00

35-30>

inet. >

34-50

F.

122 00

118-94

119-75

119-12

119-40

C.

50-00

48-80

48-75

48-40

48-55

F.

1190

C.

48-33

F.

114-80

115-88

115-70

115-70

114-80

11500

C.

46-00

46-60

46-50

46-50

46-00

46-11

F.

1140

C.

45-6

F.

...

110-30

110-40

c.

43-50

43-55

F.

122-90

125-24

123-98

123-44

122-81

123-00

C.

50-5

51-80

51-10

50-80

50-45

50-55

BAGNERES-DE-LUCHON.

I spent several hours in the galleries at Luchon, and observed the tempera-

ture of many, but not of all, the springs. My notes of the temperatures are

before me now, but I scarcely think they are calculated to fulfil the present

object of determining whether the temperature of these springs be constant or

not. So much engineering skill has been spent upon the excavations at Luchon

that I suppose Principal Forbes, who visited the place in 1835, would scarcel}'^

recognise the places where he dipped his thermometers; and, as still further

exploration is determined upon, probably in a short time the places where I made

ray observations will be obliterated. Another reason why I am not anxious to pub-

lish my observations made at Luchon is, that I had no second thermometer whereby

to check the reading of my own. Unfortunately Dr Lambron, from whom I re-

ceived much attention and kindness, had left his thermometer in Paris ; and M.

FoNTAN, the talented inspector, from whom I also received much kindness, had in

like manner left his thermometer at his winter residence. I was accompanied

into the galleries by an intelligent workman, who afforded me all the assistance

in his power ; but I am not sure that he clearly apprehended my questions, though

he never failed to make a very spirited reply. For the temperatures of the springs

I must refer to the works of M. Fontan, Dr Lambron, and M. Ftlhol.

I spent a short time at the baths of Ussat (Ariege), and noted the temperature

of the springs. I was kindly aided b}^ Dr Ourgaud, the medical inspector, in

whose work will be found a notice of the temperature, and of other matters of

interest connected with the mineral water.

AX ARIEGE.

For determining the question of the variation of the temperature of mineral

VOL. XXIII. PART HI. 6 L
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springs, Ax was in some respects the most interesting of the places visited in the

Pyrenees. At Bagneres-de-Luchon, art had been so well applied to render the

place as attractive as possible to summer visitors, that no trace of the natural

outlet of the water upon the surface of the ground remained ; and even the

appointed places for its escape had frequently been changed. But at Ax nature

had been left almost undisturbed ; the mineral waters were still oozing from

their natural crevices, and the Place dit Breilh still answered exactly to the

diagrams given in Principal Forbes' paper of 1836.

At Ax I had the able assistance of Dr Garrigou, medical inspector of the

waters. He mentioned that he had examined no less than seventy-eight distinct

springs, and that he had since discovered many others.

r observed the temperature of several springs; but I need mention only two,

namely, the Canons and Rossignol. That the temperatures of these springs were

observed exactly at the same places as they were by Principal Forbes in 1835 is

almost certain, for there appears to have been no change whatever made in the

Place du Breilh. Dr Garrigou was decidedly of opinion that the places of obser-

vation were identical. The thermometer used by Dr Garrigou was made by

Fastre of Paris, and contained eight degrees of Centigrade to the inch of my
tape : I made use of my thermometer D.

Canons.—The temperature of this spring was ascertained at the taps (in the

Place du Breilh), from which it issues in full streams. The water is utilised at

this spot by the inhabitants of Ax, and at the time of our observations (about

eight A.M.) several women were at the taps washing vegetables. We borrowed a

large tin vessel from one of them, and allowed the water to fill and overflow it

for a few minutes. We then immersed our thermometers, the water from the

tap continuing to flow into and over the vessel. We did this at both taps, and

carefully observed the temperature several times.

The temperature recorded was :

—

Dr Garrigou, .... 74-80 Cent. = 166-64 Fahr.

Thermometer D ... 166-20 „

Difference, -44

Rossignol.—Exactly at the spot indicated by Principal Forbes (and, if I re-

member rightly, about 20 feet from the taps of the Canons), a large stone was

lifted, thereby exposing the actual source of the Rossignol spring. Here we

plunged our thermometers at once into the water as it flowed to its channel under

the street.

The temperature recorded, after several observations, was,

—

Dr Garrigou, .... 77-50 Cent. = 171-50 Fahr.

Thermometer D, .... ... 171-00 „

DiflFerence, -50
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There is therefore a difference of half a degree of Fahrenheit between our

observations in the one case, and of nearly the same amount in the other. I

remember that Dr Garrigou explained to me that the difference was probably

due to a slight alteration in his thermometer. I made a note of his remark at the

time, but have mislaid it, and I can scarcely venture to repeat it from memory.

But whilst, on the one hand. Ax is one of the best places for testing the con-

stancy of the temperature of hot springs, because of the locality not having un-

dergone any material change ; still, on the other hand, perhaps but little depen-

dence can be placed upon the results, in consequence of the exposure of the water

in its course to many external influences. Dr Garrigou has noticed that the

temperature of most of the springs at Ax varies with the season, and he adds

:

II n'est pas etonnant qu'a Ax, oii les sources sont mal captees, au milieu d'alluvions,

et dans le voisinage de plusieurs rivieres, on ait ohserve des variations frequentes

dans les indications fournies par le thermometre.

The following table shows the temperatures recorded by various observers at

different periods :— '

Name of Observer and Date of Observation.

M. Pilhes (1786), ....
Professor Forbes (1835),

M. Fontan (1835), . . .

M. Gintrac (1841), . . .

M. Roux (1842), ....
Professor Filhol (1853), . .

Dr Garrigou (1861, summer),

Dr Garrigou (1862, winter),

Dr Garrigou (1863, August),

Dr Scoresby-Jackson (1863, August),

Canons.
Taps.

Fahr.

168-98

1680
168-26

167-00
168-26

167-72

167-36

167-72
166-64

166-20

Cent.

7610
75-6

75-70

75-00

75-50
75-40

75-20

75-40

74-80

74-55

Rossignol.

Griffon.

Falir.

161-2

166-12

163-40

166-12

171-50

17096
172-04

171-50

171-00

Cent.

71-8

74-50

73-00

74-50

77-50

77-20

77-80

77-50
77-22

From these observations it would appear that whilst there is, perhaps, in no

instance a permanent change of temperature, neither is there in any an undevi-

ating temperature. It is probable that the temperatures of these springs in the

interior of the globe have undergone no change, and that the changes observable

upon the earth's surface are due to superficial and evanescent causes,—such as

external temperature, the infiltration of cold surface-water, and the like. To a

certain extent, an allowance must be made for inaccuracies ; for it is scarcely to

be supposed that all the observers dipped their thermometers exactly at the same

points, nor do I know that, in all cases, errors of instruments were recognised and

corrected.

i
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XXXIII.

—

On Superposition. By the Rev. Philip Kelland, M.A., F.R.S., Pro-

fessor of Mathematics in the University of Edinburgh. Part II. (Continued

from Vol. XXI. p. 273.) (Plate XX.)

(Bead 7tli March 1864.)

In my former paper on the subject, I selected the following problem :

—

From a given square, one quarter is cut off, to divide the remaining gnomon

into four such parts that they shall he caipable offorming a square.

The gnomon is, I assume, incapable of being formed into a square by being cut

into three parts, and consequently the number of different ways in which it can

be so formed, by cutting it into four parts, must be very limited. But, to show the

fertility of the method of superposition, I exhibited the solution of the problem in

twelve different manners. Many of these, no doubt, have much that is in com-

mon, whilst, on the other hand, some (such as the 12th) differ in every feature from

the rest. I had thoughts of following up my plea for the study of the old geo-

metry, by exhibiting the solutions of the 47th proposition of Euclid's first book

in their beautiful variety. I have indeed temptation to do so. The modifica-

tion which I gave of the demonstration of this proposition in the notes to my
edition of Playfair's Geometry (edition 1846, p. 273), has had the honour of being

exhibited in two different mechanical forms. The first by two rotations without

sliding, whereby the two squares on the sides, when placed together, are con-

verted into the square on the hypothenuse ; the second, by two transpositions

(slidings) without rotation, whereby the same change is effected The former is

obvious enough, and could have escaped nobody. The latter is described by

Professor De-Morgan in the " Quarterly Journal of Mathematics," vol. i. p. 236.

I venture, however, to think that the problem before us is still more curious,

as an exemplification of the method of superposition, than the 47th of Euclid's

first book. With this feeling I have overcome the hesitation I long experienced

in presenting the following twelve additional solutions to the Society. The solu-

tions are numbered in continuation of my former paper, and the values of x and

a are the same as in that paper.

Constructions and Demonstrations.

XIII.—BY= 57, EG=«— «. Place (3) and (4) on (1) as in the second figure,

they will just fill the diagonal of (1). And since the remaining portion of the first

figure is a rectangle, whose sides are a and x—a, it exactly completes the second

figure ; hence the conclusion.

VOL. XXIII. PART II. 6 M
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XIV. BG and BY are the same as in the last method, whilst a parallel is drawn

from Y instead of from G.

(1), (2), and (3) will nnite as in the second figure. Also, since the sides of (3)

and (4) are a and x—a, the square is complete (by No. XIII.) ; hence the con-

clusion.

XV. (1) and (3) are the same as in method XIII : (4) is constructed by draw-

ing GH equal and parallel to AY, and completing the rectangle. (1), (2), and (3

)

will unite as in the second figure ; and the conclusion is effected as in XIV.

XVI. Cut off BY, BV, each equal to x., draw VE parallel to BY, join CY and

produce it to meet VE in D.

(1), (2), and (3) will unite, as m the second figure ; and the length of (4) is the

same as that of (3) ; hence the conclusion.

The division is, in this case, effected by two cuts.

Cor. A modification of this method may be produced by omitting CD, and

a triangle equal to CDE out of (3), as in the dotted line.

XVII. Make BT= ^; draw TQ parallel to AB; make CR= DQ, and draw FG
parallel to AQ through any point F, within the limits indicated in the figure by

cutting the points C and T ; draw RH parallel to AB.

(1), (2), (3), and (4) will unite as in the second figure ; hence the conclusion.

XVIII. Bisect PC in Q. With centre B and radius BR= a?, describe a circle

;

and from Q, draw QR touching the circle in R
;
produce QR to meet BA in S ;

make BT= BS, and draw TV parallel to BR meeting DE in V.

(1), (2), and (3), will unite as in the second figure, and the side of (4) will be in

the same straight line with the sides of (1) and (2) ; hence the conclusion.

XIX. Bisect CD in Q. With centre A and radius AR= -a?, describe a circle

;

and from Q draw QR touching the circle in R ;
produce QR to meet BE in H

;

make ET=r«, and draw TL parallel to AB.

(1) and (3) unite as in the second figure, so that the longest side of the united

figure is 2«, consequently (2) falls upon it ; hence the conclusion.

The division may, in this instance, be effected by two cuts.

XX. Bisect CD in F, draw FG parallel to AB ; make AH =AY= 2«— a; ; join

AH, and draw YZ parallel to BE.

The triangle is HGK equal to AYZ, hence (1), (2), (3), and (4) will unite, as in

the second figure, and the figure is a square.

XXI. Bisect CD in G ; draw GH parallel to AB ; draw BJ, making an angle of

30° with BH, and AK perpendicular to BJ.

(1), (2), and (4) will unite as in the second figure, and AK and BJ are each

equal to x ; hence the conclusion.

XXII. Bisect CD in G, and through G draw GH parallel to AB, meeting AP
in J. Draw GL, making an angle of 30° with CD, and make LO = a. Through
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0, H, and J draw perpendiculars to GL, produce those through and J, their own
length, to X and Y ; and complete the figure.

The three perpendiculars are each equal to ^ai, and the portions (4) and (iv.).

(3) and (iii.), (2) and (ii.), are respectively equal ; hence the conclusion.

The division may, in this instance, be effected by two cuts.

XXIII. MakeBY= -2;, CH= AY; draw KHO parallel to BE; make EF = KL,

and complete the rectangle JCOP ; YL, KH, and LJ, JF are the cutting lines.

Because PO= CJ = a; = BY ; triangle PKO = YLB, also because KO = BE.

KH + OQ=«; andBJ= iBF=i(2a—EF) = i (2a— KL) = tf—KH= QC; therefore

triangle EQO= JBF; hence the conclusion.

XXIV. Draw AK, making an angle of 30° with AB ; make AF= EK, and from

F, E and H (the fourth corner of the square) draw perpendiculars to AK AK,

FG, and JL are the cutting lines.

For HL= ^, and because AB = 2PH, AK = 2HJ, therefore BK= 2PJ= HJ. and

FC= iAF= iEK = J (2a-BK)= «-PJ = GJ. Again FB = 2a-AF =2a-FK =
BK = HJ; hence GJHO is equal to (4), and DO = PJ ; DE= AP, consequently

DETO is equal to (2) ; hence the conclusion.

The division may, in this instance, be effected by two cuts, as in No. XXII.

It will be observed that the angle of section is in all cases either 30'", or are

such that the tangent of the angle is a function of VS, and of no other surd.

2j3 3
For instance, in No. XVIII. we shall find tan. UAS^^jg^o

I have only to add, that a large number of the solutions are due to various

friends, including students, to whom my best thanks are tendered. It would not

be easy to fix the authorship of each solution with certainty, on which account I

shall not attempt it.
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XXXIV.

—

On the Variations of the Fertility and Fecundity of Women according

to Age. By J. Matthews Duncan, M.D.

(Read 2d May 1864.)

In 1855, when the systematic registration of births in Scotland was estab-

hshed, the schedule used exacted from the public a variety of interesting details

in connection with each return,—a circumstance which gives to the registers for

that year an extraordinary value. For, in consequence, I believe, of numerous

complaints regarding the irksome labour of filling up the document, it was dis-

continued, and a much less comprehensive schedule has been in use ever since.

It is from the registers of births for 1855 that I have extracted almost all the

data which have yielded the results I am now about to communicate. Similar

data cannot be found in the subsequent registers. The great value of these

registers has been distinctly pointed out by Dr Stark, the able assistant to the

Registrar-General. I must here acknowledge, with grateful thanks, the assist-

ance and encouragement I have received from Mr Seton and other officials of

the Register-House.

The exigencies of time, labour, and expense, constrained me to restrict the

number of births to be operated on within moderate limits; and I selected

Edinburgh and Glasgow, with their 16,593 children legitimately born in 1855,

as the field of operations. It is needless to enter fully upon the reasons of my
selecting the conditions of legitimate birth in Edinburgh and Glasgow ; my only

object was to secure as much as possible of accuracy and completeness in the

filling up of the schedules. It must be noted, that legitimate births, as registered,

include only births of living children at the full term of pregnancy or near it.

The well-known difficulty of handling statistics without infringement of the

rules of logic has made me be very cautious in my progress in this investigation,

and I am all the more bound to be careful, because it will be necessary, in con-

nection with my present topic, to point out great errors made by authors who
have entered upon it. But although I trust no fault will be found with my
mode of reasoning, I have to admit the existence of some comparatively few and

unimportant errors in the details given in the registers. The chief of these will

be stated in connection with the tables to be brought forward. So far as I know
the errors are all in the original registers; in the elaboration of the details thence

derived, I have spared nothing that could insure accuracy ; and must here men-
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tion my obligations to the various intelligent and assiduous gentlemen who have

assisted me in the work.

The part of my investigations which is the subject of this communication is

confined to the determination of the comparative fertility or productiveness and

fecundity of women at different ages. It is necessary, in order to avoid confusion,

here to establish a distinction, which I shall maintain as I go on, between fer-

tility or productiveness and fecundity. By fertility or productiveness I mean the

amount of births as distinguished from the capability to bear. This quality of

fertility or productiveness is interesting chiefly to the statistician or the political

economist. It does not involve the capability of every individual considered to

bear, nor even the conditions necessary for conception. By fecundity I mean the

capability to bear children ; it is measured by the number born, and it implies

the conditions necessary for conception in the women of whom its variations

are predicated. This quality of fecundity is interesting chiefly to the phj^siologist

and physician.

In discussing the subject of comparative fertility and fecundity at different

ages, I may incidentally afford means for estimating the degree of fertility or

fecundity of different ages ; but I wish it to be distinctly understood, that I have

not proposed to myself, in this paper, the consideration of the actual degree or

amount of fertility or fecundity at any age, but only the variations of fertility or

fecundity at different ages as compared with one another.

Chapter L—The Actual Fertility ofour Female Population as a whole at

Different Ages.

The first law which I propose to establish, has reference to the ages of the

mothers of legitimate children. In Edinburgh and Glasgow legitimate births

form at least 90 per cent, of the whole born. The law, therefore, regards the

ages of the women from whose fertility 90 per cent, of the population are

recruited.

It must be observed, that this law or general statement shows nothing re-

garding the fecundity of women of different ages, although it has been held as

doing so ; it merely enunciates a truth in the doctrine of population. I place

it first because it is pretty well known, because in my own investigations it was

first made out, and chiefly because it is essential, before proceeding farther, to

show the facts on which it is founded in their true light, avoiding the great errors

of which they have been made the basis.*

The facts or data illustrating this law, with which I am best acquainted, have

been derived from reports of lying-in dispensaries, as by Dr Granville, or from

similar accounts of lying-in hospitals, as by Dr Collins, Drs Hardy and M'Clin-

* See Granville, Transactions of Obstetrical Society of London, vol. ii.
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TOOK, and others. I here present, as an example, the table of ages ofmothers oflegi-

timate and illegitimate offspring, whether born alive or dead, from the " Practical

Treatise on Midwifery" of Dr Collins, master of the Dublin Lying-in Hospital.

The data adduced by Dr Granville in the second volume of the "Transactions

of the Obstetrical Society of London," are closely similar. Judging from these

data, it would appear that most children are born of women at or near the age of

30 years or the middle of the child-bearing period of life ; and that the offspring

of mothers of ages advancing from the commencement of child-bearing to the age

of 30 or the middle of the child-bearing period gradually increases ; that the

climax is reached at this age, and that thereafter the offspring of mothers

advancing above 30 gradually diminishes. But while the age of 30 forms the

climax, there is not an equal fertility on either side of it ; a much larger part of

the population being born of mothers under 30 than of mothers above 30.

Dividing the number of mothers at 30 years, and adding together those on each

side of the division, we have on the side of the younger 12,106, and on the side

of the elder women 4279, giving a majority of 7827 in favour of the younger;

or, otherwise stated, we have three-fourths of the births among the younger

half, and only one-fourth among the elder. The mean age of the mothers in Dr

CoLLiNs's table is 27 years.

TABLE I.

—

Showing the Age op bach of 16,385 Women, Delivered in the Dublin

Lying-in Hospital.

Age, .... 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

No. of Women, 3 19 70 237 433 926 682 1142 1023 10891174 1295 983 1340 517 2346 242

Age,. . . . 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 50 53

No. of Women, 467 378 384 396 379 153 217 65 326 15 21 18 17 11 6 6 5 1

TABLE II.

—

Showing the Ages of 16,385 Women Delivered in the Dublin Lying-in

Hospital, arranged in Periods op Five Years.

Age, 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50 and over.

No. of Women, . . 762 4862 5309 3817 1210 397 22 6

Percentage, . . . 4-65 29-67 32-40 23-29 7-38 2-42 •13 •03

The next table which I present shows an arranged collection of data, com-

prising the wives-mothers of living children born at or near the full time in

Edinburgh and Glasgow in 1855 The former table has, regarding the use to be
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made of it, the advantage over this table of including all mothers bearing children,

whether legitimate or not, alive or dead, in the Dublin Hospital. But in every

other respect, this second table presents what I judge to be more reliable data.

The former table contains a class of cases selected according to complicated con-

ditions which it is impossible to state, but which are the result of the correlated

circumstances of the Hospital, and of the class from which in Dublin it draws its

patients. In the second table the conditions of selection are fewer and less

important, the chief being the legitimacy, life and maturity, or at least viability,

of the offspring. Now the limits of the influence of these different conditions are

pretty well known, and the proportional differences between the two tables are too

great to be accounted for by these differences. The second table is thus shown

to be the more trustworthy.

TABLE III.—Showing the Age of each of 16,301 Wives whose Children were

Registered in Edinburgh and Glasgow in 1855.

Ages, . 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Mothers, 4 28 116 228 405 543 828 888 1024 1058 1063 925 1116 875 121 545 825 645 621

Ages, . 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 57 Total

Mothers, 691 594 409 426 287 404 142 148 80 66 50 27 6 9 4 - 2 4 1 16,301
1

TABLE IV.

—

Showing the Ages of 16,301 Wives-Mothers in Edinburgh and Glasgow

in 1855, arranged in Periods of Five Years.

Ages, . . . 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 Total

1

Mothers, . . 376 3688 5037 3850 2407 840 96 6 1 16,301

Percentage, .
2-30 22-62 30-89 23-61 14-76 515 -58 •03 —

An inspection of this table shows again that the year of maternal life yielding

most recruits to the general population is the thirtieth, and an easy calculation

makes out that about three-fifths of the legitimately born population are derived

from women of 30 years and under, while two-fifths are derived from women

of 30 years and upwards. For, dividing mothers of 30 years of age, and

adding together those on each side of the point of division, we have on the side of

the younger 9708 mothers, and on the side of the elder 6593, giving a majority of

31 15 in favour of the younger. The mean age of the wives-mothers in this table

is above 29.

From these data I conclude,
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1. That the actual, not the relative, fertility of our female population, as a

whole, at different ages, increases from the commencement of the child-bearing

period of life, until the age of 30 is reached, and then declines to its extinction

with the child-bearing faculty.

2. That the actual fertility is much greater before the climax, thirty years, is

reached, than after it is passed.

3. That at least three-fifths of the population are recruited from women not

exceeding 30 years of age.

Before leaving these tables, it is expedient to direct attention to a striking

lowness of figure at the ages of 29 and 31 respectively in Dr Collins's data. A
similar fall on each side of the highest number occurs in Dr Granville's table,

which has been referred to, and in every similar table which I know. This

curiosity has given rise to very natural and ingenious speculation. Dr Granville

suggests, that by the earlier decrement, nature means to rest awhile and gather

strength for the enormous jump she is to make in the following year, and that by

the second decrement she means to evince the exhaustion which invariably follows

over-exertion. But I cannot acquiesce in this fanciful hypothesis, believing that

really no such decrement, jump, and second decrement, occur. My explanation of

this tabular phenomenon is suggested by the occurrence of similar falls on each

side of the age of 40 years, in Collins's table, and in my own and in others. I am
too well aware, from ample experience, of the impossibility of getting women's

ages stated correctly, especially if they have passed twenty-five years, and

have often observed, that when pushed, they say 30 or 40 as a round easy

number ; and the state of the tables appears to me merely to indicate that women
of about 31 and of 41 years of age frequently say they are 30 and 40 years old

respectively. In short, these decrements are evidence of the unfortunate element

of error Avhich creeps into the most carefully prepared vital statistics on a large

scale.

Chapter II.—The Comparatim Fertility of the Female Population as a whole at

Different Ages.

Having shewn the actual fertility of women at different ages in our popu-

lation, I now proceed to the question of the comparative productiveness of our

whole female population at different ages. To settle this, it is only necessary to

compare the number of children born of women of different ages with the number

of women living at the different ages respectively. The result of the calculations

involved in this comparison will be to show, not simply (as in Chapter I.,) the

numbers of children born of women at different ages, but the number of mothers

relatively to the number of women living at different ages—in other words, the

comparative fertility or productiveness of our female population as a whole at

different ages.

vol. XXIII. part III. 6 o
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. TABLE V.

—

Showing the Comparative Fertility at Different Ages of the Whole
Female Population of Edinburgh and Glasgow.

Ages, 15-19

1

20-24 25-29 30-34 35-39 40-44 45-49

Women, 31,538 34,631 29,778 24,272 19,362 17,938 13,868

Children, 380 3731 5096 3895 2435 849 97

Proportion of latter to former is 1 in 82-9 9-2 5-8 6-2 7-9 21-1 142-9

Percentage, 1-20 10-77 17-11 16-04 12-57 4-73 •69

Table V. is constructed so as to bring out the desired results, and at the same

time, be easily compared with Table VI. It must be observed that the fifth table

does not exhibit results whose actual amounts are of much value, but results

the value of which is very great with a view to determining the question of

comparative amounts or productiveness. For, while the numbers of women at

dififerent ages include the whole women living at these ages in Edinburgh and

Glasgow in 1861, the numbers of children born at different ages, as given in the

table, include only children born under the conditions of legitimacy, live birth,

and complete or nearly complete maturity in 1855.

In his work on Annuities* &c., Mr Milne in 1815 published a valuable table,

which he describes as " shewing the fecundity of women at the different

periods of life in Sweden and Finland, from 1780 to 1795, both years inclusive."

It is taken from a paper by Mr Nicander, to which he gives a reference, but

unfortunately I have not been able to ascertain the exact conditions (if any)

under which the table was prepared.

TABLE VI.

—

Showing the Comparative Fertility at Different Ages of the Female

Population of Swede^t and Finland. [From tJie Table of Mr Nicander.]

Ages,

Females,

Deliveries,

Proportion of latter to former, 1 in

Percentage

15-19

132,765

3298

40-256

2-48

20-24

131,377

16,507

7-959

12-56

25-29

121,650

26,329

4-620

21-64

30-34

112,250

25,618

4-382

22-82

35-39

98,710

18,093

5-456

18-32

40-44

89,259

8518

10-479

9-54

45-49

74,002

1694

43686

2-28

Vol. ii. p. 582.
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In the last line of both tables (V. and VI.), it will be remarked that the first

and last proportional numbers are very low, or that at the beginning of the scale,

at the age of from 15 to 1.9 inclusive, fertility is comparatively very small ; and

that at the end of the scale, at the age of from 45 to 4.9 inclusive, fertility is again

comparatively very small. This no doubt depends to a great degree on the

circumstance, that among the women from 15 to 19 years of age, are included a

large proportion of immature girls, and among the women from 45 to 49 years of

age, a large proportion of women whose child-bearing powers have disappeared.

Keeping in view this undoubted partial explanation of the lowness of the figure,

or the lowness of fertility at these ages, the tables are seen to yield interesting

results. They shew that the fertility of the populations of Edinburgh and Glas-

gow, and of Sweden and Finland, increases gradually, till the middle of the

child-bearing perigd of life, or about the age of 30 years, and that then fertility

gradually falls off towards its complete extinction.

My knowledge of the conditions under which my own table was framed, as

already stated, being exact, as compared with my knowledge of Mr Nicander's,

I shall, in framing conclusions, adopt the results it affords. On like grounds, I

shall excuse myself from proceeding to compare the easily remarked differences

of the results of the two tables.

In regard, then, to the comparative fertility of our whole female population

at different ages, I conclude

—

1. That it increases gradually from the commencement of the child-bearing

period of life until about the age of 30 years is reached, and that then it still

more gradually declines.

2. That it is greater in the decade of years following the climax of about 30

years of age, than in the decade of years preceding the climax.

Chapter III.

—

The Comparative Fecundity of the whole Wives in our Population

at Different Ages.

I now proceed to the question of the fecundity, not fertility or productiveness,

of the mass of wives of different ages in Edinburgh and Glasgow. In the two

preceding chapters the fecundity or comparative power of production at differ-

ent ages has not been entered on ; in them have been considered merely the

actual production of children by women of different ages, and the compara-

tive amounts of production by the female population at different ages. It is

known that at all ages there is a great mass of spinsters whose productiveness

is not tested, and it is of course necessary, in order to determine questions of

fecundity, to eliminate all women not living in married life, or not having their

fecundity tested in the ordinary way, from our observations and calculations. In

this chapter, therefore, the comparison is not of mothers with women living as in

chapter ii., but of wives-mothers with wives.
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TABLE VII.*

—

Showing the Comparative Fecundity at Different Ages of the

Whole Wives in Edinburgh and Glasgow in 1855.

Ages,

Wives,

Wives-Mothers,

Proportion of latter to former is 1 in

Percentage,

15-19

756

378

20

50-00

20-24

8874

3709

2-4

41-79

25-29 30-34

14,622

5065

2-9

14,579

3872

3-7

34-64 26-56

55-39 40-44

11,871

2421

4-9

20-39

10,506

845

12-4

8-04

45-49

7537

96

78-5

1-27

The seventh table estabhshes a comparison between the numbers of married

women of various ages, and the numbers of such women bearing living children.

In Edinburgh and Glasgow, the number of wives within the ages of 15 and 49

inclusive, or who might have borne children in 1855, was 68,745, and the number

of wives-mothers in the same population, in the same j'ear, was 16,386,f or 1 in 4*2.

In the table these are arranged in columns of different ages, so as to exhibit the

comparative fecundity of the whole wives of different ages. It will be seen at a

glance, that the table shews that the fecundity of the mass of wives is greatest

in the first years of the child-bearing period of life, and I regret extremely that

the data at my disposal do not permit me to condescend on the circumstances in

this respect of each individual year. The table shows that, from the earliest

years of child-bearing life onwards, the fecundity of the mass of married women

gradually wanes to its extinction. It is also easily made out that while there

were 24,252 wives under 30 years of age, and of these 9152 bore children, there

were 44,493 wives of ages varying from 30 to 49 years inclusive, and of these

only 7234 bore children ; or, to speak in round numbers, the wives under 30

years of age were much more than twice as fecund as the wives above 30 years.

* In this table, the actual numbers are given as nearly as possible.

The numbers of wives have been arrived at in the following way. We have the population of

Edinburgh and Glasgow in 1851 and 1861, and, by calculation, estimate the population in 1855.

We have the actual numbers of wives of different ages in 1861, and by an easy calculation of pro-

portions we reduce the numbers of wives of different ages to the numbers given for 1855.

The number of wives-mothers extracted from the registers of 1855, is 16,301, bearing 16,500

legitimate children. But the Registrar-General's Reports state the number of children as 16,593.

Hence it appears tliat 93 births are omitted in the extracts. These omissions were made on

account of manifest carelessness and inaccuracy in the registers. To these 93 births, cori*esponds the

number of 92 mothers, one being deducted for a twin case. These 92 mothers have been added pro-

portionally to the others, in order to make up the total of 16,393.

\ The actual number of wives -mothers in Edinbvirgh and Glasgow in 1855 was 16,393. This

fio-ure is in the text reduced to 16,386, and seven wives-mothers omitted, because tliese seven were

altogether exceptional, occurring as they did between the ages of 50 and 57, and could only damage

the statement of results.
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But a more interesting and valuable comparison may be made by taking the same

number of 15 years before and after the middle of child-bearing life, a total period

of 30 years, which includes the immense majority of child-bearing women. Doing

so, we find that of 24,252 wives under 30 years of age, 9152 bore living children,

and that of 36,956 wives of ages from 30 to 44 inclusive, 7138 bore living chil-

dren. Had the elder women been as prolific as the younger, they would have pro-

duced 13,946 children, instead of 7138 ; that is, the fecundity of the younger

women was almost double that of the older. *

The table given in this chapter has been prepared (see footnote) so as to give

the actual amounts. I found it possible to do this with a near approach to exact-

ness, and it is evident that in this way the results derived are not only compara-

tive statements, with only relative value, but also statements of actual values.

From the data now given I conclude

—

1. That the fecundity of the mass of wives in our population is greatest at the

commencement of the child-bearing period of life, and after that epoch gradually

diminishes.

2. That the fecundity of the whole wives in our population included within

the child-bearing period of life, is, before 30 years of age is reached, more than

twice as great as it is after that period.

3. That the fecundity of the wives in our population declines with great

rapidity after the age of 40 is reached.

Some of these conclusions may be stated, with the actual numerical results,

as follows :—While of all the wives living in Edinburgh and Glasgow between

the ages of 15 and 45, one in 3-8 or 26-3 per cent, bore a living child ; of those

* The data at my disposal enable me to give the figures for each year of age up to 20. But
the numbers are so small, that little value can be placed on the results drawn from them. They
seem to me to indicate that the fecundity of the mass of married women is probably highest

shortly after the age of 20 is reached. For although the low fecundity of one in 2-57 at twenty

years of age, is absorbed in Table VII. in the period from 20 to 24, yet this latter period shows, on

the whole, the higher fecundity of 2"4.

TABLE VIII.—Showing the Comparative Fecundity of Wives at Ages op 16, 17,

18, 19, AND 20, in Edinburgh and Glasgow, in 1855,

Ages, 16 17 18 19 20

Wives, 13 55 232 455 1043

Wives-Mothers, ....... 4 28 116 228 405

Proportion of latter to former is 1 in 325 1-96 2-00 1-99 2-57

Percentage, 30-77 50-91 5000 50-11 38-83
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between the ages of 15 and 29 inclusive, one in 2-6, or 38-4 per cent., bore a living

child ; and of those between the ages of 30 and 44 inclusive, one in 51, or 19-6

per cent., bore a living child.

Chapter IV.

—

The Initial Fecundity of Women at Different Ages.

In commencing the statistical inquiry whose results I am now giving, my
object was to discover the fecundity of women at diiferent ages, and I now pro-

ceed to address myself to this point.

It is not my object to illustrate the subject of the arrival of young girls at the

age of maturity, the change of the girl into the fertile woman. In the case of

some peoples, facts might be collected regarding wives so young as to be in a

large proportion sterile from immaturity : and their fecundity gradually appear-

ing as age advanced, might produce a column of mothers from 10 to 20 years of

age, shewing a gradually increasing fecundity of the population at these ages.

Even in our tables derived from the data of wives in Edinburgh and Glasgow,

some interesting results are to be found, and allowance must be made for a cer-

tain amount of immaturity in the wives of from 15 to 20 years of age. But this

question of the arrival of girls at maturity is foreign to the present topic. In

it all the women are supposed to be mature, and subjected to the conditions

essential for procreation.

The fecundity of individual women is known to vary extremely. Some are

very frequently pregnant, and repeatedly, or even constantly, have plural births,

and thrive with it all. Under like conditions, other women are absolutely sterile,

or a miscarriage or a dead mature child forms the climax of their fecundity, and

this little maybe effected at the expense of permanent constitutional exhaustion.

Between these extremes of great fecundity and absolute sterility, there is an un-

limited series of varying degrees of fertility. On this interesting aspect of the

subject of fecundity, the present research throws little light. It is founded on the

result of an aggregate of cases, and can show almost nothing as to individuals.

It illustrates the fecundity at different ages of women generally, not the individual

fecundity of any.

The table given in last chapter (Table VII.), affords data which cannot be

applied to settle the question of the fecundity of women of different ages. For it

is evident that among the mass of wives of each succeeding year, or series of years,

are included the wives who were once of the former series or part of them—that

is, a class of wives whose fecundity has been at least liable to be increased,

diminished, or exhausted by procreation, before they have come to form part of the

wives in any of the columns after the first. In order to arrive at the fecundity

of women or wives of different ages, it is necessary to secure that the condi-
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tions of the compared women of these different ages be as nearly the same as

possible. This is not attempted in the seventh table.

TABLE IX.*

—

Showing the Initial Fecundity of Women of Different Ages in

THE First Year of Marriage.

Ages of Wives newly 1

Married, . J

15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 Total.

No. of Wives newly \

Married, . . . j

No. of Wives Mothers^
within first year of >

Marriage, . . . j

Proportion of latter \
to former is 1 in j

700

96

7-3

1835

339

5-4

1120

139

8-0

402

46

8-7

205

19

10-7

110

4

27-5

46 20 6 2 1 4447

643

69

Percentage, .... 13-71 18-48 12-41 11-44 9-27 3-63 ... ... ... ... 14-46

Table ninth is

married women o

cons

f diif(

truct(

3rent

id to

ages.

show

By

^ the

the r

relati

eturns

ve initial fecundity of newly-

5 of the Registrar-General we

calculate how many women at each succeeding year of age contracted marriage

in 1855, in Edinburgh and Glasgow. My extracts from the register for 1855,

shew how many of these women bore living children before they had been a year

married. When the two figures are compared for each age, we have the fecundity

at the outset of child-bearing at each age. The table reads as follows :—Of 700

women married between 15 and 19 years of age inclusive, 96 bore a living child

before they had been wives for twelve months, or one in every 7 3 ; and so on.

Table tenth is in every respect the same as the former, only it shows the

fecundity within 24 months ofmarried life ; or the number of women bearing living

children before they were two years married is compared with the number of

newly married. The observation that the fecundity within 24 months is much
more than twice as much as the fecundity within 12 months of marriage, appears

to me to give this table more substantial value than the former, as an indication

of the actual fecundity of the outset of child-bearing at different ages.

Both these tables show the highest rate of initial fecundity to be between the

* The number of wives married at different ages in Edinburgh and Glasgow in 1855, is arrived

at in the following manner. The marriages in Scotland in 1855 were 19,680. The marriages in

Edinburgh and Glasgow in 1855 were 4447. The distribution of the 19,680, according to age at

marriage, is given at p. 22 of the Registrar-General's Annual Report for 1861. This distribution

requires a correction for the number whose ages at marriage were not known. Calculating on the

ages of the whole 19,680, the proportional distribution of the 4447 married in Edinburgh and Glas-

gow is found to be as in the table above.
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ages of 20 and 24 inclusive, and a gradual declension from that time on either

side as age diminishes or increases.

TABLE X.

—

Showing the Initial Fecundity of Women of Different Ages within

THE First Two Years of Marriage.

Ages of Wives newly )

Married, . . . j

15-19 20-24 25-29 30-34 35-39 40-4445-49 50-54 55-59 60-64 65-69 Total.

No. of Wives newly )

Married, ... J

No. of Wives Mothers \

within two years of >-

Marriage, . . . j

Proportion of latter )

to former is 1 in /

700

306

2-3

1835

1661

M

1120

849

13

402

253

1-5

205

84

2-4

110

17

6-4

46

2

23-0

20 6 2 1 4447

3172

1-4

Percentage, .... 43-71 90-51 75-80 62-93 40-97 15-45 4-35 ... ... ... ... 71-33

The two following tables (XI. and XII.) show that on the side of the women
younger than 20 years, initial fecundity steadily decreases with age. In regard,

however, to these young wives, it may be objected that there is a source of error

from immaturity which is certainly very trifling after the age of 20 is reached.

And the objection is, theoretically at least, quite just, for it is absurd to attempt

to measure the fecundity of women who have not become sexually mature, and

the admixture of immature with mature is a source of error, important, directly

according to its amount. It is unsatisfactory merely to allege in answer, that

immature girls are not likely to be found among young wives in such numbers as

to form a source of great error. I have therefore taken the following means to

ensure that this source of error be completely excluded.

TABLE XI.

—

Showing the Initial Fecunditv of Women under 20 Years of Age
IN THE First Year of Marriage.

1

Ages of Wives newly Mai-ried,^ 16 17 18 19

No, of Wives newly Married,

No. of Wives Mothers within first year of Marriage,

Proportion of latter to former is 1 in

Proportion after correction for Immaturity, is 1 in

43

2

21-5

15-5

108

7

15-4

12-8

225

31

7-2

7-0

314

56

5-6

5-4

Percentage, 6-45 7-77 14-70 18-30
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TABLE XII.

—

Shoaving the Initial Fecundity of Women under 20 Years of Age
WITHIN THE First Two Years of Marriage.

Ages of Wives newly Married, 16 17 18 19

No. of Wives newly Married,

No. of Wives Mothers within two years of Marriage,

Proportion of latter to former is 1 in

Proportion after correction for Immaturity is 1 in .

43

4

10-7

7-7

108

27

4-0

3-3

225

98

2-3

2-1

314

177

1-8

1-7

Percentage, 12-90 30-00 46-44 57-84

The commencement of menstruation is generally considered by physicians an

indication of the arrival of sexual maturity. It may be true that some are still

immature in whom this phenomenon has shown itself, and it certainly is true

that some are mature before its appearance. Yet it forms a generally accredited

indication of maturity. The following table (XIII.), framed by Dr Whitehead,

is a large collection of data, showing the age of the appearance of menstrua-

tion in 4000 individuals in this country. It is easy to calculate what fraction of

the whole 4000 had begun to menstruate at 16, 17, 18, and 19 years of age re-

spectively, or, in other words, what fraction was capable of exhibiting fecundity

at these ages. This I have done, and have corrected the numbers of wives in

tables eleventh and twelfth accordingly, reducing them to similar fractional parts.

After making this correction for immaturity, I have calculated the proportions

of wives-mothers to wives, and placed the results in the last line- They remain

the same so far as to show a steady diminution of fecundity as age diminishes.

TABLE XIII.—" Showing the Age at which Puberty was accomplished in Four

Thousand Individuals." (Whitehead, on Sterility and Abortion, p. 46.)

At Age of 19 years 148 first Menstruated.At Age of 10 years 9 first Menstruated

))
11 26

>
12 136

t
13 332

)
14 638

)
15 761

)
16 967

)j 17 499
18 393

20 71
21 9

22 6

23 2

24 1

25 1

26 1

From these data I conclude—

1. That the initial fecundity of women gradually waxes to a climax, and then

gradually wanes.

vol. XXIII. PAKT III. 6 Q
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2. That initial fecundity is very high from 20 to 34 years of age.

3. That the climax of initial fecundity is probably about the age of 25 years.

At this point my present inquiry is closed. I know of no other way of ad-

vancing our knowledge of this subject, than by the collection and analysis of

statistics. The only very good quarry for such materials that I know of is the

Scottish registers for 1855. The tables adduced might be improved by going over

a larger field, and increasing the numbers analysed. But I do not see how the

matter in the registers could be turned to more account, without encroaching on

another topic which is at the same time closely connected with that under discus-

sion,—viz., the fertility of marriage. Or, as marriage is scarcely admissible as a

term in physiology, I should give this subject the title of ' sustained fecundity,'

the degrees of fertility which women of different ages, beginning to live with men,

continue to exhibit during the child-bearing period of life. In the meantime I

shall summarily state, that, so far as I have advanced in this new topic, the evi-

dence gained shows that, speaking generally, young women after the outset of

child-bearing continue to exhibit a fecundity greater than is sustained by those

married when comparatively elderly. The fourteenth table exhibits some of these

results. It reads as follows :—Wives of from 20 to 24 years of age exhibit in the

fifth year of marriage a comparative fecundity of 1 in 3-0
; wives of from 25 to

29 years of age exhibit in the fifth year of marriage a comparative fecundity

of 1 in 14-5 ; and so on. The table shows that at the fifth, the tenth, and the

fifteenth years of marriage, the mass of women youngest married continue to

show the greatest fecundity. The mass of younger women not only are more

fecund at the outset of child-bearing, but after that time is past, they continue

more fecund than older women who have been married the same number of years.

TABLE XIV.*

—

Showing the Fecundity op Wives in Edinburgh and Glasgow,

AFTER THREE DIFFERENT PERIODS OF CONTINUANCE IN THE MARRIED StATE.

Age of Wives, 20-24 25-29 30-34 35-39 40-44

Fertility in Fifth Year of Marriage

Fertility in Tenth Year of Marriage,

Fertility in Fifteenth Year of Marriage, ....

3-0 14-5

40

59-9

23-2

6-5

202-4

955

44-3

698-2
1

404-9

3400

I have made various other inquiries with a view to throw light on the topic of

this paper. They refer to variations in sex, size, and weight of newly-born children

* This Tahle is not prepared so as to show anything- more than is described in the text. Espe-

cially the figures in one horizontal line should not be compared with those in another horizontal

line. To permit this, the table requires large corrections for deaths.
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according to the age of the mother, also to the frequency of twins and triplets

according to the mother's age. But the results of these investigations have been

so imperfect or unsatisfactory that I do not now describe them.

The views hitherto entertained regarding the influence of age on fecundity have

been various. " In regard to age (says Burdach*) fecundity is diminished in the

first and last portions of the continuance of the aptitude for procreation. The elk.

the bear, &c., have at first only a single young one, then they come to have most

frequently two, and at last again only one. The young hamster produces only

from 3 to 6 young ones, whilst that of a more advanced age produces from 8 to

16. The same is true of the pig. This rule appears to be general, since it applies

also to the entomostracese ; according to Jurine, the number of the young of the

Monoculus pulex is at first from 4 to 5, afterwards rising gradually as high as

18. We scarcely ever encounter the births of 3 or 4 children, except in women
who have passed the thirtieth year. Precocious marriages are not only less

fertile, but the children also which are the result of them have an increased rate

of mortality. According to Sadler, every marriage in the families of the peers of

England yields 4-40 children when the woman was married below 16 years of

age ; 4-63 from this age to 20 ; 5-21 from 20 to 23 ; and 5-43 from 24 to 27." The

notions here expressed by Burdach are in the main correct ; but it is evident

that they are very indefinite. They are to be regarded, also, more in the light of

happy guesses than of well-founded opinions. Burdach evidently places chief

reliance on the evidence afforded by the numbers at a birth. From many quar-

ters I have received corroboration of Burdach's statements regarding the increase

and subsequent decrease of the number produced at a birth by pluriparous animals,

and I have received similar information regarding bitches, guinea pigs, the fertility

of hens, &c. When I first paid attention to this subject, the plural births of women
appeared to me to form a simple key for the determination of the fecundity of

women at different ages. But I soon became dissatisfied with the materials I

quickly collected. Woman is not a pluriparous animal, neither does she produce

so regularly, or according to season, as the animals with which she is compared.

In her the occurrence of twins and triplets is an exception to the normal rule,

and the number of children born by her cannot be so simple and sure a test of

fecundity, as in the case of animals having multiple litters at stated periods.

Indeed, it is apparent that the evidence derived from plural births alone in women
may positively mislead, for a woman may be more fertile bearing one child at a

time frequently than another bearing twins or triplets more seldom. In this

place I shall only say, that the numerical study of twins, in reference to the age of

the mother, yields interesting results, which do not confirm Burdach's statement

,
regarding them, yet are not hostile to the conclusions of this paper. Burdach.

in his Avork, describes an annual rise and fall in the fecundity of some pluriparous

* Physiologie, torn. ii. page 117.
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animals. This annual variation forms a series of wavelets in the course of the

great wave running from youth to old age, and culminating in middle life. This

annual rise and fall of fecundity he attributes to the influence of cold.

In his " Treatise on Man," M. Quetelet has, with some care, collected the

statistical materials available at the time for advancing the settlement of the

question of the relation of age to fecundity. He does not allude to the opinions

of BuRDACH, probably because they have no sufficient foundation, but he refers to

Milne, Malthus, Sadler, Granville, Finlayson, and several foreign authors,

who have more or less directly tried to throw light on the topic. Quetelet's

whole chapter on the influence of age on the fecundity of marriages is very un-

satisfactory. It is at least difficult to reconcile with one another the conclusions

arrived at in various parts of this chapter, and I shall not attempt to do it. It

is only fair to say, that he seems conscious of the numerical deficiency of data

sufficient for a basis of any conclusion, and as an example of the state of matters,

the table of Sadler, which he and Burdach both quote, may be mentioned ; in it

the number of marriages analysed is under 500, and they are all selected accord-

ing to extraordinary conditions. The final conclusion which M. Quetelet an-

nounces is, that it is before the age of 26 years that we observe the greatest

fecundity in women.

The last writer on this topic whom I know of is Dr Granville, who, in an

interesting paper in the London Obstetrical Transactions, returns to the descrip-

tion of his former labours in the same field. In this paper, production or fertility

is confounded Avith productive power or fecundity, and the table to which I

have alluded in Chapter I. he describes not as showing the fertility at different

ages of the industrial classes of the metropolis, but erroneously, as showing the

alternations in the productive power of women at different ages.

In this paper, then, I have, inter alia, shown that the great majority of the

population is recruited from women under 30 years of age ; but that the mass

of women in the population, of from 30 to 40 years of age, contribute to the

general fertility a larger proportional share than the mass of women of from 20

to 30 years of age :

—

Further, that the wives in our population, taken collectively as a mass, show

a gradually decreasing fecundity as age advances; but that the average individual

wife shows a degree of fecundity which increases till probably about the age of

25, and then diminishes.

The fertility of the average individual woman may be described as forming a

wave which, from sterility, rises gradually to its highest, and then, more gradu-

ally, falls again to sterility.



( 491 )

XXXV.

—

On the most Volatile Constituents of American Petroleum. By Edmund
Ronalds, Ph.D.

(Read loth February 1864.)

Crude American petroleum evolves, at ordinary temperatures, a quantity of

combustible gas, which takes fire on contact with flame, and, when mixed in

certain proportions with air, produces an explosive mixture. It is in consequence

of this property that it has been thought necessary to pass a very stringent law,

known as the Petroleum Bill, with a view of preventing accidents from the

incautious storing and handling of the oil.

The more volatile liquid products obtained by distilling the crude oil are still

more highly charged with combustible vapour, which, when these liquids are

again distilled, escapes condensation even by the most powerful freezing

mixtures.

The liquid constituents of petroleum have now been carefully studied by

Messrs Pelouze and Cahours, and some of them also by Mr Schorlemmer.

These eminent chemists have shown that the oil consists essentially of a mixture

of the homologues of marsh gas, having the general formula,

It was during the collection of the more volatile of this series of compounds

with a view to their analysis, in which object I have now been forestalled, that my
attention was drawn to the large quantities of incondensible gas which escaped at

each successive fractionation, and it appeared desirable to ascertain whether the

gaseous ingredients of the oil belonged also to the same series, or were accompanied

by other hydrocarbons. With this object in view, and still waiting the arrival of

some specimens of oil collected and secured in hermetically sealed vessels, direct

from the oil wells, I was enabled by the kind permission of Mr Shand of Stirling,

' to collect the gas which floated over the surface of the crude oil in the barrels in

which it is imported into this country. I also obtained from the same manufac-

I

turer some of the very first products of the stills employed in refining the petro-

leum on a manufacturing scale.

The gas floating over the surface of Pennsylvanian oil was collected at a tem-

perature of— 1° C, and was observed to contain combustible ingredients. It took

ifire instantly on being brought into contact with flame, burning with a very faint,

Ibluish light, but without explosion. From Canadian petroleum, which is of much
jthicker consistence, no combustible gas was obtained at that temperature.

The gas was collected over water by simply removing the original wooden

I
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bung of the casks and inserting immediately a cork bung furnished with a tube,

for the delivery of the gas, and a long shanked funnel tube, through which liquid

petroleum was poured.

Thus obtained the gas was of course a mixture of air and hydrocarbon ; it

was not affected by fuming oil of vitriol, nor was bromine water discoloured by

it. It was hence inferred that no perceptible quantities of the olefiant series were

present, and the temperature of collection is sufiScient guarantee for the absence

of any known members of the benzole series.

The gas was treated over mercury, with solid potash and pyrogallate of

potash successively, when it yielded

—

1-27 per cent, of carbonic acid, and
6-58 „ „ oxygen.

The residue, analysed eudiometrically, gave the following results :

—

Gas collectedfrom the surface of Pennsylvanian Petroleum at a temperature of—1°C.,

freedfrom Carbonic Acid by Potash andfrom Oxygen by Pyrogallic Acid.

Gas,

Do. + air,

Do. + do. + oxygen, . . .

After explosion, . . . .

After absorption of COj, .

After addition of hydrogen,

After explosion, . . . .

Observed
Volume.

133-1

392-8

465-6

421-3

383-4

474-3

346-5

Pressure

m.

0-3099

0-5666

0-6391

0-5940

0-5515

0-6395

0-5062

Temperature
Cent.

9°-

9-

8-2

10-

8-

3-8

4-

Corrected vol.

atO°C.+l m.
pressure.

39-934

215-47

288-92

245-09

205-23

299-15

172-86

I

Deducting the nitrogen, or 23-4 vols. = 54 per cent, of the original gas, we have

here a relation of hydro-carbon to condensation and carbonic acid, as

—

or,

16-534

100

43-83

265

39-86

241.

The oxygen consumed amounts to 67*16 vols., or 4*06 times the volume of

the hydrocarbon. The members of the olefiant and benzole series being absent,

it may fairly be inferred that the hydrocarbon resembles in constitution the

liquids with which it is associated ; and if this be the case, the gas must be a mix-

ture of the hydrides of ethyl and propyl, the former of which requires a relation

of hydrocarbon to condensation and carbonic acid, as

—

1:2-5:2
while the hydride of propyl requires a relation of 1 : 3 : 3. By calculation



CONSTITUENTS OF AMERICAN PETROLEUM. 493

from the numbers above, it can be shown that the gas analysed must have con-

sisted of a mixture of these gases in nearly equal proportions, or of—

C,Hg, Hydride of Ethyl 794
CgHg, Hydride of Propyl 801

—the correctness of which is confirmed by the amount of oxygen consumed being

about the mean of the quantities required for the combustion of these hydrides

separately.

Hydride of ethyl requires 3*5 times its volume of oxygen.

Hydride of propyl requires 5- times its volume of oxygen.

The gas floating over the surface of the petroleum is therefore composed of—

Carbonic acid, . . . . . . . . 127
Oxygen, ......... 658
Nitrogen, ........ 54-

Hydrocarbon,
f C^H^ ]

^^'^^

In this condition the gas is not explosive, and would only become so on being

mixed with a large volume of air.

The most volatile liquid obtained by collecting the very first runnings from

the stills employed in the process of refining petroleum has a specific gravity of

0-666. It is not sensibly affected by nitric acid, by oil of vitriol, or by bromine.

When distilled, it commences to give off bubbles of gas in abundance at about

25^ Cent., but after a few minutes all appearance of boiling ceases, although large

quantities of gas and condensible liquid continue to pass over up to 65° or 70°

Cent., and the whole liquid is evaporated below 100° Cent.

This liquid resembles very closely the kerosolene or kerosoform which an

American physician of New York has introduced as an ansesthetic agent ; and I

am indebted to Dr Simpson for the opportunity of comparing it with a specimen

of the latter. The specimen lent me by Dr Simpson was quite indifferent to the

above reagents. It had a specific gravity of "6336. It began to boil at 28° Cent.,

and was nearly completely volatilised at 70° Cent., so that it must have been

composed almost exclusively of a mixture of the hydrides of amyl and hexyl,

while the crude volatile product from the manufactory contained, in addition to

these hydrides, some incondensible gaseous products, and a considerable quantity

of the hydride of heptyl.

The incondensible gases dissolved in this most volatile liquid were expelled

by gently warming a large quantity (about two gallons) of liquid, and passing

the gases, before collecting them over water, through a long metallic worm,

surrounded by a freezing mixture composed of ice and salt ; the whole apparatus
' having been filled previously with carbonic acid to expel air.

The first two portions which were collected showed, after separating carbonic
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acid and oxygen, little difference in composition from that already analysed, and

which had been collected from the surface of the crude oil.

I omit the details of the analyses of these two, and submit only the results,

which correspond in both cases with a mixture of the hydrides of ethj^ and

propyl.

Gas. Condensation. Carbonic Acid.

8-289 : 22-947 : 19-045

100 : 2-77 : 242
Oxygen consumed 32*338.

7-275 : 20-70 : 17-586

00 : 280 : 240
Oxygen consumed 31 07

I. {8-

11. {^t

The gas coming over a little later from the same liquid was found to approach

nearer in composition to pure hydride of propyl, as is shown by the following

analysis. This portion was treated with potash before being introduced into the

eudiometer, but the oxygen which it contained was not separated before combus-

tion, but was estimated in a separate experiment, and found to amount to 2-44

per cent, of the gas burned.

Gas,

After addition of oxygen, . .

After addition of air, . . .

After explosion,

After absorption, ....
After admission of hydrogen, .

After explosion,

Observed
Volume.

39-723

160-

260-128

236-386

204-386

357-161

231-225

Pressure.

0-2817

0-3939

0-4917

0-4680

0-451

0-602

0-4643

Temperature.

15-1

16-

14-5

16-5

15-

14-

13-6

Corrected vol.

at 0° + 1 m.
l^ressure.

10604

59-548

121-46

104-33

87-376

204-53

102-29

Deducting the nitrogen and the 2-44 per cent, of oxygen contained in the gas,

we have here the ratio of hydrocarbon to condensation and carbonic acid, as

5-984

100

17-13

286

16-954

283

Hydride of propyl 03!!^ = 2 vols., requires a ratio of 1 : 3 : 3.

The quantity of oxygen consumed by the hydrocarbon is 4-67 times its

volume, while pure hydride of propyl would require 5 times its volume.

The gas collected at a still later period from the same liquid was free from

carbonic acid, oxygen, and nitrogen gases, and agreed in composition with a

mixture of the hydrides of propyl and butyl.



CONSTITUENTS OF AMERICAN PETROLEUM. 495

Gas,

After addition of oxygen, .

After addition of air, . .

After explosion, ....
After absorption, . .

After addition of hydrogen,

After explosion

Observed
Volume.

43-034

151-465

417-

372-644

321-

405-

353-032

Pressure.

0-2821

0-3857

0-6439

0-6038

0-566

0-649

0-5846

Temp. Cent.

19-5

19-9

20-6

16-7

15-2

17-

15-2

Corrected vol.

at 0° +1 m.
pressure.

11-335

54-454

249-70

212-05

172-11

247-45

195-52

The relation here of hydrocarbon to condensation and carbonic acid is as

—

11-335

100
37-65

332

39-94

352

The oxygen consumed is 5-88 times the volume of gas burned, while hydride

of butyl alone requires 6*5 times its volume of oxygen for combustion.

The gas evolved oil warming the light spirit of petroleum, as it is prepared

for sale, after having been kept, however, for some months in a vessel not her-

metically sealed, was found to be a mixture of nitrogen and oxygen, with nearly

pure hydride of butyl.

After separating by potash the carbonic acid which had been allowed to occupy

the space above the liquid, the gas was analysed ; the oxygen which it contained

was estimated by pyrogallate of potash in a separate experiment, and amounted

to 15 3 7 per cent.

Gas,

After addition of air, .

After addition of oxygen, .

After explosion, ....
After absorption,

After admission of hydrogen.

After explosion

Observed
Volume.

73-2

2733

334-

288-5

228-5

330-

317-5

Pressure.

0-2399

0-4366

0-4976

0-4523

0-3995

0-5022

0-4799

Temp. Cent.

7-

5-2

5-7

6-4

10-2

13-

12-2

Corrected vol.

at 0° 4- Im.
pressure.

17-25

117-11

162-82

127-5

87-998

158-2

145-86

Deducting the nitrogen and oxygen contained in the gas, we have here a rela-

tion of hydrocarbon to condensation and carbonic acid as,

—

9-64

100

VOL. XXIII. PART III.

35-32

366
39-502, or as

409

6s

I
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Closely corresponding to the relations in hydride of butyl, which are,

—

1:3-5: 4.

This gas was therefore composed of

—

28'74 nitrogen,

15-37 oxygen,

55-89 hydride of butyl,

and it would appear from this experiment that the light volatile liquids absorb

and retain oxygen in greater proportion than that element is contained in atmo-

spheric air.

The liquid condensed by the freezing mixture during the collection of these

gases, and that obtained by subsequently heating the large body of liquid from

which they were expelled to a higher temperature, not exceeding however 30^

Cent., or the boiling point of hydride of amyl, was redistilled. It commenced to

boil at 0° Cent. ; a considerable portion passing over between 0° and 4° was col-

lected separately ; another fraction between 6" and 8° was also collected apart

;

the remainder nearly all distilled below 15" Cent.

The liquid distilling between 0° and 4° Cent, is nearly pure hydride of butyl,

which has not yet been described. It is a perfectly clear, colourless, very mobile

liquid, having an agreeable sweet smell, but eluding, by its great volatility, the

sense of taste. It is insoluble in water, but dissolves in alcohol and ether, and

alcohol of 98 per cent, absorbs between 11 and 12 times its volume of the vapour

at a temperature of 21°-5 Cent. It burns with a yellow, not very luminous flame.

Mixed in the gaseous state with twice its volume of chlorine, liquid chloride of

butjd is formed, and the original 3 volumes become condensed into 2 volumes of

hydrochloric acid.

The specific gravity of the liquid at 0° Cent, is 0-600. It is therefore the

lightest liquid at present known.

The vapour-density determined by Dumas' method, the vapour being absorbed

by alcohol, gave the following results :

—

Temperature of air,

Barometer,

Empty globe.

Globe and substance,

13-8 C.

•7615 m.
30'577 grms.

30-788 grms.

Temperature of sealing, . 40° C.

Capacity of globe, . . . 185-6 ce.

Air bubble, 7'8 cc.

Temperature of alcohol, .
14° C.

Hence vapour density=2'll.

Hydride of butyl, C^Hjo, requires by calculation 2*006.

The liquid, analysed eudiometrically in the gaseous state, gave the following

numbers :

—
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Analysis of Butyl Hydride.

Gas,

After addition of oxygen,

After explosion, .

After absorption of COg,

Observed
Volume.

3504

326-

294-8

256-9

Pressure.

0-1944 M.

0-4810

0-4507

0-4215

Temperature
Cent.

5°C.

4-8° C.

4°C.

9° C.

Corrected vol.

at 0°+l m.
pressure.

6-691

154-11

130-95

104-83

Hence we have,-

or,

Gas. Condensation. Carbonic Acid

691 23-16 26-12

•100 346 390

Hydride of butyl requires

—

100 350 400

The liquid collected between 6^ + 8° Cent, is not very different from this last.

It is, however, a mixture of hydride of amyl with hydride of butyl. Its sp. gr.

at 0' Cent, was found to be -6004. The vapour density was 2- 178, and the com-

position in the gaseous state is shown by the following numbers :

—

Observed
Volume.

Gas, 15-3

After oxygen,
i

264-5

After explosion,
I

223

After absorption, 166-8

Pressure.

0-4392

0-6912

0-6509

0-6154

Temperature
Cent.

Corrected vol.

at 0°4-l m.
pressure.

19-3

19-3

17-9

19-5

9-39

185-22

149-12

106-78

Hence we have,

—

Gas. Condensation. Carbonic Acid

9-39 : 36-10 : 42-34

100 : 384 450or,

Hydride of butyl requires,

—

100 : 350 400

It was not to be expected, from the manner in which the gases were collected,

that any single portion would correspond exactly in composition with any member
of the series, and some attempts which were made to separate the gases from
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each other by washing with alcohol, did not yield more conclusive results than

those already obtained with the mixtures.

From the foregoing experiments we may, I think, safely conclude, that all the

homologues of marsh gas, excepting marsh gas itself, are present in the liquid as

it comes to this country, and there appears to be little doubt that marsh gas, and

perhaps even free hydrogen, will be found among the gases which are evolved

with the oil at the springs.
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XXXVI.

—

On Sun-Spots and their Connection with Planetary Configurations. By
Balfour Stewart, Esq., M.A., F.R.S.

(Read 18th April 1864.)

In pursuance of an idea which occurred independently to Professor Tait and

myself, a careful examination has been made of the solar autographs, taken at

Kew and Cranford, under the superintendence of Mr Warren De la Rue. This

was done with the view of detecting, if possible, some reference to planetary con-

figurations in the behaviour of sun-spots, and in this undertaking, much aid was

derived from a remark once made by Mr Beckley of Kew, when taking pictures of

the sun, to the effect that, for a considerable period of time, he did not observe any

spots in the act of hreahing out on the visible disc of our luminary. A few words

may not be amiss regarding the nature of the scrutiny to which the solar pictures

were subjected, and also the value of this as a test of planetary action. In the

first place, let us bear in mind, that by the rotation of our luminary, the different

portions of his surface are successively presented to each planet in turn. Now, if

the bodies of our system have any appreciable influence of this kind upon the

sun, it is natural to expect that this should differ for any given portion of his

surface, according as this portion is presented to the influencing body, or with-

drawn by rotation, so that the sun's diameter is interposed between it and the

planet. We should therefore expect to find that, for a given date, the spots

should all begin to break out into visibility at or about the same ecliptical longi-

tude. Similarly with regard to their healing up ; and, generally, all spots on

the sun's disc at a given date should behave in the same manner as they pass

a given ecliptical longitude.

It is needless to conceal the great difficulty, if not impossibility, of a complete

and final examination of sun-pictures after this method ; but, on the other hand,

very little consideration is required to show us its great value as a test of the/«c^

of planetary action. For if it once be proved (which may easily be done by means

of sun pictures), that all the spots on the sun's disc at a given date behave in the

same manner, as they pass a given ecliptical longitude, me are then compelled to

resort to planetary action as the only conceivable explanation of such a. phenomenon.

In the sun pictures taken by the Kew Heliograph, a vertical line denotes a north

and south line through the sun's disc—that is to say, such a line denotes a section

of the sun's surface, by a plane passing through the earth's axis ; and therefore

perpendicular to the plane of the equator. When this plane passes also through

the pole of the ecliptic, which it will do twice a year, the vertical diameter of the

picture will denote a line of ecliptical longitude; but in the following very

VOL. XXIII. PART III, 6 T
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approximate investigation, this line has been used as denoting sufficiently well

an ecliptical longitude at all seasons, and the behaviour of the spots has been

examined with reference to it. This difference is of less consequence, when

we reflect that solar spots occur in a zone extending not very far on either side

of the solar equator ; and therefore also not very remote from the plane of the

ecliptic.

The motion of the spots, owing to rotation, is in these pictures from left to

right, and the earth or point of view from which the phenomena are observed, is

of course in that longitude which passes through the centre of the picture; so

that if any planet were 90° to the left of the earth, it would be opposite that por-

tion of the sun's disc corresponding to his left limb ; and if 90° to the right, it

would be next the right limb.

The motion of the planets is also from left to right, so that Mercury and

Venus gain upon the earth, while on the other hand, the superior planets fall

behind to the left.

In making this examination of sun-spots at Kew, it was soon seen both by

Mr BECKLEYand myself, that if the sun's disc be filled with spots at any period,

and if one of these begins to heal up before passing the central line, another does

the same ; if again, the disc be empty of spots, and one breaks out on the right-

hand side of the disc, another spot will break out on the same side, and not on

the left.

So marked is all this, that I have been enabled to construct the following

table, from which it will be seen, that the same behaviour of spots often lasts for

a considerable period of time.

In this table, the planets of which the action is investigated, are Mercury,

Venus, and Jupiter,—the first of which, although small, is very near the sun ; the

second, although farther from the sun, is much larger than the first ; while the

third is far ofip, but extremely large.

The pictures (which comprise all those at Kew available for the purpose)

were examined by myself, and the result obtained was confirmed by a separate

examination by Messrs Beckley and Whipple of Kew Observatory.

From groups (1), (2), (4), and (5), we find that when Venus is at or near

opposition, there are a good many spots, and their tendency is to increase in size

up to the centre, or somewwhat past it, and then decrease.

Again, for groups (3), (6), (7), (8), Venus is at or near conjunction, and there

are few spots; while for group (3), where both Venus and Jupiter are in conjunc-

tion, we observe a tendency towards the breaking out of spots on the second half

of the disc. As far, therefore, as may be gleaned from this record, Venus is espe-

cially influential in promoting the formation of spots for that portion of the sun's

surface, which is receding from her, and in arresting this formation for that por-

tion which is approaching her.
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With respect to Jupiter, these records do not enable us to come to any con-

clusion ; perhaps the reason of this may be, that the diameter of the sun is very

insignificant compared with the great distance of this planet, and that we ought

rather to look for its influence in some change produced on the sun's surface, as

it passes from perihelion to aphelion. In the interesting volume on Sun-Spots,

recently published by Mr Carrington, we have a comparison of this nature, the

results of which are embraced in the following table :

—

Comparison of the dates of greatest and least Sun-spots, with those of the

GREATEST AND LEAST RADIUS VECTOR OF JUPITER. (FrOM Mr CaRRINGTON's CuRVES.)

Difference.
Greatest Maximum
Slongation. of Spots.

1863-0 - 1860-7

1851-1 - 1848-9

1839-2 - 1837-4

1827-4 - 1829-7

1815-4 - 1816-8

1791-9 - 1788-6

1780-0 - 1779-5

1767-9 - 1770-5

1756-2 - 1761-6

1856-8 - 1855-9 +

2-3

2-2

1-8

2-3

1-4

3-3

0-5

2-6

5-4

0-9

Least Minimum T\H
nongation of Spots.

Dl leren

1845-1 - 1843-2 = -f 1-9

1833-2 - 1833-5 = 0-3

1821-4 - 1823-0 = — 1-6

1809-4 - 1810-0 = 06
1797-7 - 17980 = — 0-3

1785-9 - 1784-4 = + 1-5

1773-9 - 1775-2 Z3 — 1-3

17620 - 1766-2 z= — 4-2

1750-1 - 1758-5 zrz _ 5-4

On this subject, also, Mr Carrington makes the following remark. " It will

be seen that from the year 1770 there is a very fair general agreement between

maxima of frequency and maxima of Jupiter's Radius Vector, and between

minima and minima, with such an amount of loose discrepancy, as to throw

grave doubt on any hasty conclusion of physical connection. In the two periods

which precede that date, there appears to be a total disagreement ; and although

the data for frequency are less certain for those years, yet the general form of

the curve of Professor Wolf, is probably too well established to admit of any-

thing like reversion, by the addition of other observations which have not yet

come to hand." Now, every one must agree, that caution is very requisite in a

generalization of this nature. On the other hand, I am tempted to think that the

behaviour of sun-spots, to which allusion has been made in this paper, is very

conclusive as to the fact of planetary action, and if this be allowed, it must also

be admitted, that Mr Carrington' s results, on the whole, lead us to believe, that

the recession of Jupiter from the sun is favourable to the breaking out of spots,

and his approach unfavourable to their production. Coupling this with what I

have already endeavoured by a different process to make out regarding the action

of Venus, we may perhaps conclude it probable, that the approach of a planet to

any portion of the sun's surface, or that of the sun's surface to a planet, is un-

tavourable to spot production, while the recession from the sun of a heavenly

body is favourable to the same.

Let us now see what support this conclusion derives from the phenomena of
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variable stars ; but before doing so, I would remark, that when the sun's disc has

many spots on it, we probably derive less light from it than when it is free from

spots. This is not altogether self-evident, for each spot is accompanied by

faculse, and it has been observed by Mr Warken De la Rue and others, that these

faculse, when near the sun's limb, are much brighter than the neighbouring surface

of the disc, but when in the centre they are not sensibly brighter than the neigh-

bouring surface. When, therefore, a spot occurs near the limb, the loss of light

which it implies may possibly be replaced by the faculse which accompany it ; but

in this position, both spot and faculse are much foreshortened, and present but a

small field of view. On the other hand, the same spot, when near the centre of the

disc, fills a much larger field of view, and the loss of light which this implies is

not made up by any superior brightness in the accompanying faculse beyond that

of the neighbouring disc. On the whole, therefore, we have a loss of light occa-

sioned by spots. Against this it may perhaps be argued, that when the sun's

disc is full of spots the general luminosity is greater than during those periods

when there are comparatively few spots ; but we have no proof for such an

assertion. Assuming, therefore, that a disc full of spots is deficient in lumino-

sity, let us now turn to the phenomena of variability presented in other stellar

systems. Without entering into details, it will be sufficient to mention the hypo-

thesis which many astronomers believe in as serving well to represent these pheno-

mena, I allude to that of rotation on an axis, where it is supposed that the body

of a star is from some cause not equally luminous in every part of its surface. It

is in the last clause of this sentence that the deficiency of such an hypothesis as a

physical, and not a mere formal explanation, consists : for it is exceedingly diffi-

cult to conceive a body, one part of which is permanently luminous, and another

part permanently dark. If, however, we conceive of a variable star as a sun

round which a planet of some magnitude revolves at a small distance from its

primary, and adopt the law which probably obtains in our own system, we shall

have a state of things phenomenally equivalent to a body partly dark and partly

bright. For as the planet moves round its primary, that portion of the disc of

the latter next the planet will be brighter than that which is more remote, and

this appearance will move round as the planet itself moves.

It still remains to discuss the case of a planet with a very elliptical orbit.

Such a body would for a very long period of time be far removed from its

primary, and for a short period of time extremely near it. We might therefore

expect, according to the above law, a long period of comparative darkness in the

primary, followed by a short period of brilliancy, corresponding to the perihelion

of the planet. Now, this is precisely the appearance presented by temporary

stars. These bodies emerge from comparative obscurity, become suddenly bril-

liant, and thereafter very soon begin to fade, darkness being their normal state,

while their brilliancy is short-lived and exceptional.

VOL. XXIII. PART in. 6 u
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The hypothesis herein advocated appears, therefore, to be capable of explain-

ing, we may say, all the phenomena both of sun-spots and double stars, so far as

these are at present known.

In conjunction with Professor Tait, the author would beg to make the follow-

ing suggestion before concluding this paper:—These phenomena,* appear to lead

to the conclusion, that when celestial bodies approach each other, there is an

evolution of light. Let us compare this with the analogous fact, that when atoms

approach each other we have the same result ; and we are conducted to the belief,

that one great law acts in all these cases, although its modus operandi is no doubt

circumstantially different in each. (Added 9th April.) We may also be permitted

to state our impression, that in the case of atoms, as in that of systems, it is

perhaps the largest body which radiates most, for when metals of which the

combining equivalent is generally large, unite with oxygen for instance, which

has a small equivalent, it is the vibration of the metallic particle, and not of

the oxygen, which give a character to the light emitted. Possibly the following

may be the explanation of this fact :

—

The idea of the constitution of ether, which involves the fewest assumptions,

is that which makes it a medium by means of which a body in motion parts with

its motion to neighbouring bodies, and the phenomena of percussion perhaps

entitle us to assume, that this property which a body has of stopping the motion

of a neighbouring body depends on the size of the former, and its distance from

the latter.

When, therefore, a small body is in violent motion near a large one, the pre-

ferential radiation of the motion of the former towards the large body above its

radiation to the surrounding bodies will be very great. But when this motion

has once been absorbed by the larger body, and taken to a great extent, the shape

of heat since energy as well as momentum must be preserved, the preferential

radiation of this towards the small body, as compared with its radiation to neigh-

bouring bodies, will not be great, but it will radiate nearly equally on all sides.

The large body will thus, as it were form a reservoir into which the motion

of the smaller body is emptied, and from which it is distributed nearly equally

in all directions.

* And the behaviour of comets ?
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XXXVII.

—

On the Freezing of the Egg of the Common Fowl. By John Davy, M.D.,

F.R.S., Lond. and Ed., &c. (Communicated by Professor Maclagan.)

(Read 2d May 1864.)

In the Transactions of the Royal Society for 1778, Mr Hunter has given an

account of some experiments which he made on the freezing of the egg of the

common fowl, from the results of which he inferred,—" That the fresh egg has

the power of resisting heat, cold, and putrefaction, in a degree equal to many
of the more imperfect animals, .... and that it is more than probable,

this power arises from the same principle (a living principle) in both."

Mr Paget, in the Transactions of the same Society, the volume for 1850,

has described how he repeated and added to these experiments of Hunter, but

whilst admitting their general accuracy, the conclusion he drew from them Avas

different, viz.
—" That it is not by the power of a vital principle that eggs resist

the influence of cold," but is owing to the viscidity of the albumen,—to use his

own words,—" That the property which enables fresh albumen to descend below

32° Fahr. without freezing, is its peculiar tenacity or viscidity, by means of which

the water combined with it is held so steadily, that the agitation favourable or

even necessary to the freezing, at or near 32°, cannot take place."*

The manner in which Mr Hunter and Mr Paget conducted their experiments

was similar. They both used strong freezing mixtures, and consequently there

was a rapid cooling of the eggs, which were subjected to the cooling process

;

thus, in the experiments of the latter, fresh eggs placed in temperatures varying

from zero to 10° Fahr. were frozen on an average in 26 minutes. In neither of

their experiments does it appear that the time of the exposure of the eggs was

prolonged much beyond half an hour.

Considering the importance of the subject in its physiological bearings, and

reflecting on the circumstances under which their experiments were made, it

appeared desirable to repeat them with some modifications. This I have done.

The chief differences have been, that instead of an artificial mixture for cooling

the eggs, and a rapid refrigeration, the eggs, in the trials I have made, have been

exposed to the open air, and have been cooled more slowly.

1. An egg, a fortnight old, was placed on grass and left out fully exposed to

* Mr Paget assigns for the freezing-point of the egg a temperature of 32°, or between 31° and
32°, and supposes that it cannot fall below that, unless at perfect rest ; he says,—" That the egg

should be unmoved, and that its albumen should be not even so much disturbed as by the intro-

duction of the thermometer." My results, as will be seen, nowise accord with this.

VOL. XXIII. PART III. 6 X
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the sky, on the night of the 22dof February, when a register thermometer, placed

alongside of it, was 19° at its lowest. On the following morning at 10 a.m., it

stood at 22°. The egg was now found fractured and frozen, the fracture of the

shell proceeding from the small end towards the large end, containing the air-

vesicle. With a strong knife, a section of the egg was made with some difficulty,

so hard it had become. The albumen was white and crystalline, and most dis-

tinctly towards the surface. The yolk had much the same appearance it would

have had had it been boiled ; it showed no appearance of change of structure,

none of crystallization ; it was easily inden ted, and was softest at the centre,

where its colour was orange-yellow, and was strikingly contrasted with that of

its including or outer portion, which was pure yellow. During the thawing, some

of the yolk became diffused in the white, seeming to indicate, at least, a partial

rupture of the membrane of the former. From what is mentioned of the yolk, it

is evident that in the cutting of the egg, the resistance encountered was most in

the albumen.

2. On the night of the 22d of the same month, two eggs were similarly exposed,

one laid that day, the other of a large size—double the ordinary size—and, as was

afterwards ascertained, containing two yolks ; it had been kept about six months,

and during the whole time had been exposed to the air within doors. At 8*30

A.M., next day, the thermometer close to them was 25° ; I am not sure that it had

been lower at night. The fresh egg was fractured, the fracture proceeding from

the small end, and reaching half way towards the large end. A little of the

albumen had exuded, and was seen as a white frozen froth. The shell was

removed with care, leaving the whole egg entire in its frozen state. It was of a

pure lemon yellow, centrally darker, from the colour of the yolk transmitted

through the translucent albumen. Portions of the shell removed had attached

to them a thin layer of albumen, which showed distinctly a cellular or areolar

structure. After thawing, the egg for some time retained its form, exhibiting the

structure just mentioned
;
gradually, however, as if from gravitation and the con-

traction of the cells, the albumen separated, leaving the yolk, in its proper mem-

brane, entire. The albumen was unusually thin, i. e., less tenacious than when

retained in the structure described.* The large egg was not fractured, but when

opened, it was found to be frozen. There was a great deal of air in the large end,

a circumstance which may account for the freezing without rupture. A thermo-

meter placed in the white close to the shell fell to 27° ; in the yolk, to 275°. The

appearance of the two parts was much the same as that of the preceding.

3. On the 24th of the same month, two eggs laid the same day were exposed

;

one was smeared with a solution of gum, allowed to dry ; nothing was done to

* From such observations as I have made, this filamentous cellular structure of the albumen

differs but little from fibrin ; it appears to possess the same contractile quality. (See the author's

" Physiological Researches," p. 422.)
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the other. During the night, the thermometer was as low as 24°; at 8-30 a.m.

on the 25th, it was at 25°. Both eggs were found ruptured, the fracture extend-

ing from the small end towards the large ; if there were any difference, the

gummed egg was most ruptured. The shell removed, the albumen of each pre-

sented the same crystalline and cellular appearance as that of the day preceding.

The yolk of one egg was 27*5^ ; the white 31°; of the other, the gummed, the

yolk was 29°, the white 31°. These temperatures were ascertained when the

temperature of the open air had risen to 35°.

4. On the night of the 25th, two newly laid eggs were exposed, one of them

smeared with butter. During the night the thermometer was as low as 19°.

At 8-30 A.M., on the 26th, it was at 20°. Both eggs were found fractured, the

smeared one, at about equal distance from both ends, the other at both ends. At

1115 A.M., when the thermometer in the open air had risen to 30°, the tempera-

ture of the smeared one at its surface within the shell was 31-5°; deeper, 3F;

that of the other, in the albumen, just within the shell, was 30-5°; deeper, 30°

;

it was more firmly frozen than that smeared with butter, and this throughout.

These two trials were made on the idea (not supported by the results), that

the coating of one of the eggs might greatly retard or prevent its freezing.

5. On the 26th, two eggs were exposed, one taken from lime-water, where it

had been kept about twelve months ; the other, laid the same day ; both sank in

water. Their temperature, ascertained before exposure by a thermometer intro-

duced through a small hole, made about midway between the two ends, in the

newly laid was 45-5° ; in the other 46°, this within doors. At 10-3° a.m., they

were placed on moss in the open air, the thermometer close by 26°. At 1024

A.M., when the open air was 32°, that of each egg was 39°. At 10-40, the air 34°,

that of the fresh egg was 35° ; of the other 365. At 1*10 p.m., when the open air

was 44°, that of the fresh egg was 40°, that of the other 38-5. These results do

not appear congruous, I give them as obtained. They may at least tend to show

the obscurity of the subject.

6. On the night of the 26th, other two eggs were exposed, one from lime-

water, the other newly laid ; both sank in water. Most of the time the sky was

overcast. At 8*30 a.m., on the 27th, the thermometer was 31°. Both eggs were

free from fracture, and it may be inferred were not frozen. All the while, from

the 22d to the 25th, a calm prevailed, and the sky at night was unusually clear.

The newly laid egg which had been exposed in the last experiment to a tem-

perature of 31°, on the 27th was put under a hen that had been sitting since the

19th of February. On the 10th of March, when most of ten eggs were hatched

(six out of nine), the egg in question was taken from under her and examined.

The foetal chick was found well-developed for the period, and was evidently alive

when removed warm from the nest.*

* The foetus, well detached from the vitellus and the membrane, weighed 27 3 grs. The allantois
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7. On the night of the 9th of March, two eggs were exposed to the open sky,

one newly laid, the other from lime-water. The thermometer close to them fell

as low as 20°. At 8-30 a.m., the following morning it had risen to 31°. There

had been a fall of snow, and the eggs were found buried in the snow, as was also

a glass of water, the water about equal in volume to that of an egg ; the water

was frozen to the depth of about an inch. Both eggs were found fractured longi-

tudinally. The newly laid egg was easily cut in two by a knife, both the albumen

and yolk being comparatively soft. The former had a crystalline appearance,

and was of a light-yellow colour. The yolk was marked with concentric lines

of different hues of yellow and orange, the latter most conspicuous towards the

centre. The thermometer at the centre was 305° ; next the yolk in the albumen

it was 29*5°. The two parts not being firmly frozen were easily separated. The

egg from lime-water was as easily divided. Its albumen exhibited much the same

appearance as that of the newly laid. Its yolk was of an orange colour at centre,

but not concentrically marked, like that of the preceding. Its temperature at the

centre was 30°, that of the albumen, close by the yolk, was 29 75°. The newly

laid egg was somewhat the largest, its long diameter being about ^th of an inch

in excess of that of the other ; their shorter diameter was the same.

Besides the preceding, I have made other trials on change of temperature of

the two kinds of eggs ; the newly laid, and those long kept in lime-water. This

was done by putting them alternately into hot and cold water, accompanied by

others of the same kind which had been boiled hard. I have observed no diifer-

ence in the rate of increase and diminution of temperature, except a slight one,

and that, as well as I could judge, depending on the difference of the weight

of the eggs used. Even between the eggs hardened by boiling and those not

so hardened, the augmentation and increase of temperature hardly appreciably

differed.*

or membrane next the shell, was highly vascular, as was also the vitelline membrane, their vessels

conveying red blood of a florid hue. The red corpuscles were, for the most part, of the form of those

of the adult fowl ; some were circular and yet nucleated ; these were of a larger size. The fluid be-

tween the allantois and the yolk was slightly coloured reddish, from blood corpuscles suspended in

it, from the rupture of some vessels. It was limpid, very dilute, contained little or no albumen.

Wben heated to the boiling point, it was not coagulated, nor did it become even milky, merely a minute

portion of greyish matter subsided, no more than might be referred to the blood corpuscles. It had

a strong alkaline reaction. 28-2 grs. of it, evaporated to dryness, left only -3 gr. of solid matter,

or 1-06 per cent., consisting chiefly of common salt and an alkaline carbonate. Contiguous to the

yolk, and contained within its vascular membrane, there was some very tenacious transparent albu-

men, of faint alkaline reaction. By heat it was coagulated ; the coagulum was milk-white, unusually

dense and firm. 57 g'l's. of the viscid matter, evaporated to dryness, afforded a residue of 14-7, or 25'8

per cent. The yolk consisted of a thin and thicker fluid, both of which showed a faint alkaline reaction.

A mixture of the two was of the sp. gr. 1022 ; of the thin kind, 339 grs., evaporated to dryness,

were reduced to 8'6 grs., or 25*3 per cent, of the thicker kind; 30-4 grs. evaporated to dryness were

reduced to 9'3, or 306 per cent. The eyes of this foetus were fully formed ; the lens of each, resting

on the crystalline humour, was '133 of an inch in diameter, a perfectly transparent sphere.

* The appearance of the yolk of the newly laid egg, and of that from lime-water, kept about

twelve months after being boiled, slightly differed ; that of the latter was of a paler and less bright
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As the results of the foregoing experiments seem to show that there is no well-

marked difference as to freezhig between the newly laid egg and the egg which

has been kept many months, nor any well-marked difference as to their rise or

fall of temperature, they appear to support Mr Paget' s conclusion, that the egg

is not protected under these trials by a vital principle, as supposed by Hunter.

There are other experiments which I have made, which seem to have the same

tendency. These have been on the freezing of the different parts of the egg by

ether, and a freezing mixture in a thin glass tube. The advantage of this

method is, that what occurs is seen, and one is thus better acquainted with the

particulars.

Owing to the peculiar qualities of the contents of the egg, the subject is

obscure and difficult, and it is not easy to arrive at consistent and altogether

satisfactory results.

My first object was to endeavour to ascertain the temperature at which the

several contained parts freeze. From many trials, I am led to infer, that the

freezing point of the thinner albumen is Sl-TS", of the thicker 31-50°, and of the

yolk 31*25° ; and that comparing those of the newly laid egg with those of the

egg long kept in lime-water, there is no well-marked difference. Whether such

results might be expected, I hardly venture to form an opinion, not knowing to

what extent the two differ in composition. That there is a difference, has

already been noticed in the appearance of the yolk, and in the quantity of air

contained; and another slight difference I have observed,—viz., that whilst the

yolk of the newly laid egg has an acid reaction, that of the long-kept egg is

neutral.

Owing to conflicting results, and many repetitions in consequence, it would be

tedious to give the particulars of the many experiments which I have made. One

or two examples I shall offer, and this chiefly with a view to show the variability

of the freezing point.

The trials were made in a tube -7 inch in diameter of thin glass. The ther-

mometer, a very delicate one, was introduced with the fluid, and was often

moved. As the results with a freezing mixture were least unsatisfactory, I shall

confine myself to them.

In the yolk of a newly laid egg the thermom eter fell to 20° without freezing

occurring. It was taken out freed from adhering yolk, and again immersed
; it

fell to 28"^, presently freezing began at the circumference, the thermometer in the

centre continuing at 28°, where the yolk was still fluid ; pretty rapidly it rose to

yellow. In both eggs, between the yolk and the white, there was a greyish discoloration. The
quantity of air that was disengaged from the egg long kept was remarkable. I supposed that it

might be carbonic acid or azote ; but from one examination I made of it, it appeared to be merely

common air. Owing to this circumstance, eggs thus kept, or kept long otherwise, crack, and some-

times with a little explosion, when put into boiling-water ; the newly laid, which contain very little

or no air, not being subject to the same effect,—the exemption may be held to be characteristic,

VOL. XXIII. PART III. 6 Y
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30° and 31°, the freezing making progress. When the greater portion was frozen,

the thermometer, where the freezing had not reached, showed the temperature

last mentioned.

The experiment was repeated on another portion of the same yolk. In it the

thermometer fell to 22° without the occurrence of freezing ; it was taken out,

wiped, and returned ; it fell to 28°, and continued at that degree several minutes,

the yolk remaining liquid. It was again taken out and wiped, and returned, it

fell to 30°, and almost immediately freezing took place at the circumference,

whilst in the middle the yolk was still fluid, though the thermometer there stood

at 28°, after that it rose to 31° and to 31-25°.

With the yolk from an egg kept in lime-water, the thermometer fell to 20°

before freezing began at the circumference, it then rose as the freezing proceeded

to 31-25°.

Another portion of the same yolk fell to 28° before freezing began ; the ther-

mometer then rose rapidly to 31-25°.

The albumen, whether thick or thin, showed the same irregularities in freez-

ing. On what they depend I hardly venture to offer an opinion ; perhaps the

strength of the freezing mixture is most concerned, yet the trials made to endea-

vour to determine this were nowise satisfactory.

In all the experiments which I have made on the freezing of the contents of

the egg by a freezing mixture and by ether, the congelation, as might be

expected, always began at the circumference, gradually extending towards the

centre ; it was remarkable, unless the freezing mixture was powerful, how slowly

it proceeded, the centre being often soft, whilst the surrounding part was hard ;

and from the circumstance that concentric rings were often seen in a portion of

yolk entirely frozen, as noticed in the instance of the egg, it seems probable that

the congelation was in a manner paroxysmal. The moving of the thermometer,

even to active stirring, in the fluid, seemed to have little or no effect in hastening

the freezing, even at 20° or below 20°.

Mr Paget lays stress on the low degree of temperature which the egg bore

in his experiments before its freezing took place, a result with which mine, con-

ducted in the open air on the entire egg, hardly accord. He, as already remarked,

is disposed to attribute this resistance of the egg to the peculiar viscid and tena-

cious state of the albumen. That this viscous state, and more especially the cel-

lular filamentous tissue in which the albumen is retained, and to which the

viscidity is very much owing, may be concerned in part, can hardly be doubted.

It appears to operate by checking the motion of the fluid from change of specific

gravity, depending on change of temperature, as in the instance of water. The

following experiments may be mentioned in proof:

—

The thick albumen of an egg was plunged into a freezing mixture ; congela-

tion took place at the bottom and sides, there the thermometer was 31-5°, whilst
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towards the surface and middle, which the congelation had not reached, it was

33 5°: and more remarkable still, when the albumen was frozen hard below,

above, where it was still liquid, it was 35°, a difference this strikingly illustrative

of the impediment offered to the mobility of the fluid by the tissue in question.

Another experiment with the thinner portion of the albumen of the same egg,

one which had been kept in lime-water upwards of twelve months, may be worthy

of notice in the way of further illustration. In this instance, after freezing, when

thawing was going on, and the albumen was perfectly liquid below, there the

thermometer was 32-5°, whilst towards the surface it was 31-75°, a difference,

owing, it may be inferred, to particles of ice ascending in the act of thawing. In

this trial congelation did not begin until the temperature of the fluid had fallen

to 20°.

Besides the quality just mentioned, there is another, which probably has much

to do in retarding the freezing of the egg,—viz., the composition of its several

parts, and especially their saline elements, on the presumption of the well-

ascertained property which the soluble salts have in lowering the freezing point

of water, and how in aqueous solutions containing salts, such as common salt,

by augmenting the cold, a gradual concentration may be effected, a strong brine

may be obtained in contact with frozen water, or mingled with it. In some of

my experiments the appearance of the frozen albumen, in a soft state, at a tem-

perature below 32°, much resembled sea water suddenly frozen.

I have mentioned in a preceding note the fluids contained in the egg in an

advanced stage of development. These, with the foetal chick, I subjected to the

action of a freezing mixture. The results obtained seemed in accordance with

what has been just stated.

The very thin fluid next to the allantois or outer vascular membrane, froze

partially at 30-5° ; it was not completely frozen at 21°, a portion was still fluid at

the centre. The thermometer, as the freezing proceeded, rose to 31-5°, and it

continued at that temperature whilst thawing.

The very thick viscid fluid fell to 23° before freezing began, though it was

stirred ; when the freezing took place, it rapidly rose to 31-25. The thin portion

of the yolk fell to 23° before it began to freeze, then it pretty rapidly rose to

31-75 ; when the thermometer was kept in this central, more fluid part, it was

31°. The results with the thicker portion did not differ materially.

The foetus fell to 20°, and remained at that temperature some minutes without

freezing.

.Whatever may be the cause or causes on which the resistance of the egg to

freezing (\epends, its possessing this property must be acknowledged to be a

happy circumstance in the animal economy, and an adequate security for the

preservation of its Ufe, or of that of the germ which the fertile egg contains,

and on which its after development into the chick depends, i.e., under the ordi-
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nary conditions of incubation, taking the season of the year into account, the

habits of each kind of bird, and the kind of nest it forms. But whether it

belongs to the egg of the common fowl, to the extent which Mr Paget infers,

seems to me somewhat doubtful ; and also somewhat doubtful whether the

freezing of the egg is compatible with ani/ after development. In the following

passage the first is stated, the second is inferred. Speaking of the peculiar pro-

perty of the albumen, he says :
—"The purpose or utility of this peculiar pro-

perty of the albumen of eggs is manifest in the defence which it provides

for the eggs exposed to a temperature below 32°. If an egg be frozen, the damage

sustained by its structure is such that the germ cannot be fully developed;

but mere cold, however intense, if freezing does not take place, does not

prevent the complete development of the young bird." In proof, he adds, " I

placed three eggs in a freezing mixture, varying from zero to 5° Fahr., one of

them froze, and its shell was cracked from end to end ; another froze, and

when it thawed, its yolk was burst and mixed with the albumen. In incuba-

tion, two spots of blood were developed in the former, and an enlargement of the

cicatricula ensued in the latter of these eggs—sufficient indications that the

intense cold and freezing had not killed them, though it had spoiled their struc-

ture.* But in the third egg, which had been exposed for nearly an hour to a

temperature below 5° Fahr., perfect development took place in incubation.

Even this degree of cold had neither killed nor frozen the egg, though, according

to the average rate at which eggs part with heat, its whole substance must have

been for half an hour at a temperature between 5 and 10" Fahr.''

These, it must be acknowledged, are very remarkable results, especially the

last. But, it may be asked, is it certain that in the two eggs, in which incipient

development was found to have taken place after apparent freezing, the yolk

was frozen, or that the part of it containing the cicatricula was structurally

damaged ? Moreover, is it certain that there was no mistake as to the egg

which was hatched after having been exposed to so a low a temperature? The

results which I have described, show how uncertain is the temperature at which

the freezing of the several parts begins. One experiment in such a matter,

when the result is anomalous, is hardly to be relied on. The experience of the

breeders of poultry is not in favour of eggs bearing any considerable degree of

cold with impunity. It is well known to them that the tendency of eggs to

* Are, it may be asked, tlie above indications sufficient i In two instances I have found specks

of blood on the membrane of the yolk of the newly laid egg. In that of the last, I examined the

blood, and found it to contain well formed, elliptical nucleated corpuscles similar to those of the

adult fowl ; the inference made was, that the blood was derived from the oviduct in the descent of

the yolk. As to the enlargements of the cicati'icula, its evidence seems less open to objection ;
and

yet, without a large comparison, can it be said with certainty, that the size was the result of increase

from development l 1 have found the cicatricula of a newly laid egg that had been fi'ozen, ap-

parently a little enlarged.
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abort, is much greater in the early spring, in cold weather, than in the advanced

spring and in summer. Very lately an example of this kind occurred. On the

26th of January thirteen eggs were put under a hen, a good sitter ; on the 16th

of February six of these were hatched ; the chickens produced were strong and

healthy ; of the other seven—the aborted—one only was found in a state of advan-

ced putrefaction; in three of the remaining there were embryos from 6 to 7 inch

in length, and in the other three, though no embryo could be seen, there was an

appearance of vessels containing discoloured blood.* During the period of incu-

bation for many days there was severe cold ; but then, even in the open air,

exposed to the clear sky, the thermometer never fell below 18" Fahr. The hen's

nest was under cover.

Whether the germ can exist, retaining life without vital action of any kind,

even at a temperature below the freezing point, is a physiological question, I need

hardly observe, more easily asked than answered, and yet surely a question

deserving of consideration. If, as some distinguished inquirers maintain, there

cannot be force without action, can there be life without it ? or, to quote the words

of Mr Paget, giving them in the form of a question, Can there be " a vital princi-

ple in organized bodies, such as may enable them, even when inactive and dis-

playing no other sign of life, to resist passively the influences of physical forces?"

Another question, of no less difficulty, is, Whether the germ can resume vital

action after having been frozen? I will only remark, that the mere act of

freezing does not necessarily imply inaction, at least the absence of chemical

charge, for I have found ammonia in an unmistakeable manner evolved from

the fresh egg when frozen. And further, provided the structure of the parts

—

that of the yolk and germ for instance—be not materially altered, and from

freezing, the structure of the yolk, we have seen, has not been apparently changed

is not the condition of the germ similar to that of the ear of the rabbit and the

wattles of the cock, which Hunter found could be frozen without mortifying.|

* In one of these only, were there marks of incipient putrefaction. It is noteworthy, that in

three of these, the albumen was firmly coagulated, as if it had been boiled ; it was quite white, and

showed its usual alkaline reaction. The yolk was also coagulated, but less firmly. Mr Hunter
states (op. cit. p. 29) " that if an egg was not hatched, that egg became putrid in neai-ly the same
time with any other dead animal matter." This does not accord with the results just mentioned,

nor with others which I have obtained. In many instances I have found the aborted eggs free

fi'om putridity after incubation ; whether an embryo could be detected or not, there was commonly a

blending of the yolk and white, and the formation of a fluid, almost entirely destitute of

viscidity. Such an admixture is certainly favourable to the putrefactive change.

t Phil. Trans., for 1778, p. 34.

Lesketh How, Ambleside,

March 17, 1864.
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—

On the Morpliological Relationships ofthe Molluscoida and Coelenterata,

and of their leading Members, inter se. Bj John Denis Macdonald, R.N.,

F.R.S , Surgeon of H.M.S. " Icarus."

(Read 21st December 18G4.)

Few departments of zoology have recently suffered more remarkable changes,

both in classification and accepted views of structure, than the Polypi or Coelen-

terata, and their immediate allies in the ascending scale, the Molluscoida,—greatly

depending upon the more extended study of those animals of late years. We
have been thus enabled to discover natural affinities which prima facie evi-

dence would scarcely ever have indicated, as well as intrinsic differences which

the same kind of evidence has hitherto been incapable of revealing to the mind.

Leading from the Protozoa to the Mollusca proper, the Coelenterata and Mol-

luscoida constitute an unbroken series of animals forming a considerable section

of invertebrata, distinguished from the Protozoa by the development of true ova,

and from the Mollusca by the property of gemmation developing compound ex-

amples of the principal types. Furthermore, the motion of the blood, or its equi-

valent, is effected either by ciliary action or by a propulsive organ ; but when the

latter occurs it is unfurnished with valves, so that the course of the circulation

may be reversible in the same canals.

The study of the different stages of development of a certain organ in the

same animal comes within the pale of ordinary physiology : but when M^e pry

into the progressive advance of any organ or function, taken in the abstract, we

enter upon a more comprehensive branch of science, which not only embraces the

common physiology of each particular animal, but its combined import in all.

On comparing the relative parts of two distinct animals, one unaccustomed to a

study of this kind could scarcely doubt that the mouth of one was anything more

or less than the exact equivalent of the mouth of the other ; but it may be clearly

shown that mouths acting as such, so far as simple function is concerned, may
nevertheless exhibit a remarkable difference, homologically speaking, in animals

constructed on different types.

It was formerly believed that the branchial and cloacal orifices of the Asci-

dian were homologous with those of the siphonal tubes of Lamellibranchiata

;

but this very natural error has been pointed out by Professor Huxley, and it can-

not be doubted that the orifice of ingress is in reality oral in one, while it is simply

pallial in the other. In the Ascidian, moreover, the inner or commonly recog-

nised mouth is but the oesophageal opening, though it is critically answerable to

VOL. XXIII. PART II. 7 A
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the mouth of the polyzoon. It may be assumed that the prominent mouth of the

Hydrozoon (in which, in truth, there is no stomach homologous with that of the

higher types) is equivalent to the everted internal gastric opening of the Acti-

nozoon; or, conversely, that the stomach of the Actinia is but an inversion of the

oral projection of Hydra, still preserving a communication with the somatic cavity,

but necessitating the formation of a new oral orifice. In the same way, the ten-

tacula encircling the mouth, in some of the lower forms of animal life, are not in

all instances homologous organs. Thus, the branchial tentacula, as they occur in

the Ascidiozoa, are found in none of the other members of the series now under

consideration ; and in the passage from the tubularian Polyp to the Actinozoon,

the oral tentacula of the former (with a single exception, so far as known to me)

are suppressed in the latter ; while the outer or somatic set remains, and even

becomes more numerous or densely crowded as a general rule.

The true nature of the Aggregate Tunicata was first made known by Savigny.

and they were with great propriety removed from the zoophytes, with which they

had been formerly confounded. To M. Milne-Edwaeds is due the credit of

having elevated the Polyzoa from their low estate, and ranked them with the

Tunicata in his Molluscoid group. Professor Huxley again, from his compre-

hensive view of the subject, saw the propriety of associating the Brachiopoda

with the Molluscoida, but more immediately with the Polyzoa, as exhibiting the

"neural" intestinal flexure, in connection with many very striking points of

homology which had never before been conceived.*

The delicate membrane surrounding the base of the tentacula in the Polyzoa

Hijypocrejna is considered by Professor Allman as analogous to the membrane

of the respiratory sac in Tunicata ; but Mr Busk says that this has not yet been

detected in any marine Polyzoon, though I may add that it is distinctly present

in the Brachiopoda ; and he further considers that the membrane surrounding the

base of the tentacula in Pedicellina is not homologous with it, having an entirely

different import. If ever a Polyzoon resembled a Tunicary, it is the said Pedi-

cellina, more especially when its two dorsal bends are in course of development,

and a zealous observer might be very readily deceived as to the true nature of

certain parts in one bearing a striking but delusive resemblance to those in the

other. Yet, without going farther into the refinement of the subject, it would

not be far wrong to assume, in round terms, that the pharyngeal respiratory

system of the Tunicata is represented by the oral tentacula of the Polyzoa.]

The epistome of the Polyzoon, moreover, is regarded by Professor Allman as

homologous with the languet of the Tunicata.

* It will be seen, in tlie course of this paper, that I have availed myself of the useful terms

employed by Professor Huxley, more particularly with reference to the Calenterata.

] See Professor Allman''s remarks on this subject, in his valuable work on the fresh-water

Polyzoa. Published by the Ray Society.
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The property of gemmation in a marked manner distinguishes the Mollus-

coicla from the MoUusca proper, on the one hand, while it associates them quite

as obviously with the Coelenterata on the other. We know nothing of a process

of this kind as occurring in the so-called Ctenophora, including the families Cal-

lianiridce* and Beroidce ; but the organisation of these animals, first rightly con-

sidered by Frey and Leukart abroad, and by Professor Huxley at home, referred

them to the higher section of Coelenterata, namely, the Actinozoa. Yet, the more

I have studied Cydiijpe, the more it has appeared to me to hold a position be-

tween the Actinozoa and the Polyzoa, linking the two by characters which it

exhibits in common with either, or both. Indeed, in any other place it would

seem to be not only friendless but intrusive. A view similar to this has, I believe,

been already expressed by M. Vogt, but I regret that T have not access to his

observations on the subject.

It is curious to observe the progressive development of the digestive system,

proceeding from the Hydrozoon onwards through the Actinozoa, Ctenophora, and

Polyzoa, to the Tunicata.

The important part taken by the Ctenopliora as a link in this beautiful chain,

is represented in the accompanying series of diagrams. Moreover, certain points

in the structure of these animals, are even made more tangible to our philosophy

by the light which is thus shed upon them.

The stomach of Cydippe is connected with the walls of the body by two

vertical septa, with two interseptal loculi. The coecal tubes forming the lining of

these loculi run forwards as far as the mouth, and are at once diverticula of an

alimentary system and of a somatic cavity.

We observe here, as in Actinia, a well defined internal gastric opening, bounded

by two crescentic folds, determined by the persistence of the before-mentioned

loculi. These latter communicate below with the rudimentary intestine which is

yet little more than a central tubular narrowing of the somatic cavity, from the

gastric end of which also pass off the two dichotomously-branched tubes, which

terminate peripherily in the fusiform sinuses,f corresponding with the ciliated

bands. All this afibrds us a more distinct idea of the mode in which the intes-

tinal tube is formed. Thus, instead of arising simply as an extension of the

proximal end of the stomach, the whole gut is at first but a tubular process of

endoderm, inclosing a portion of the somatic cavity. In Cydippe, the intestine

is perfectly straight and axial, reaching the posterior extremity of the globose

body, where it exhibits a small, but distinctly marked bifurcation, and the little

nervous ganglion, with its otoconical sac, is received into the intervening recess.

* This family name is objectionable, as having been chosen from a supposititious genus founded

, upon a mutilated specimen of Cydippe, indifferently drawn.

f Would it be too far-fetched to suppose that these sinuses are, as it were, retrospective of the

tentacula of Actinia 1
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The end of each division is well rounded, and closely applied to the ectoderm on

either side of the ganglion, but I have always found it diflBcult to detect the so-

called anal openings, though I have once or twice observed the escape of matters

from within the tube at this part. The least I can say, however, is, that they are

by no means so definite in nature as they are represented to be in figures and

descriptions.

Professor Huxley first pointed out the striking original difference in the in-

testinal flexure in Brachiopoda and Polyzoa, as compared with that in Tunicata.

Thus, in the two former, the intestine is simply flexed forward {i.e., towards the

nervous ganglion or ''neurcdly"), while in the latter it is at first flexed backwards

{i.e. towards the heart, or hsemally), and subsequently turns forward to terminate

neurally in the " atrium.'" In Cydippe, therefore, the intestine is straight ; in the

Polyzoon and Brachiopod, it is once flexed (forwards), and in the Tunicary it is

twice flexed (backwards and forwards).

The nervous ganglion appears to hold some relation to the conditions just

noticed ; thus, it is nearly midway between the branchial and cloacal openings in

the Tunicary, between the oral and anal orifices in the Polyzoon^ and at the

posterior termination of the intestine in Cydippe.

The homologies of the ciliated bands and tentacula of Cydippe have not yet

been satisfactorily determined, though it does not appear improbable that the

former organs represent the tentacula of the Polyzoon or of the Brachiopod having

become retroverted, and connate as it were with the body, as next in order of

suppression.

The configuration of the genus Cestiim is strongly in favour of this view, and

if the possibility of such be admitted, then the retractile racemose tentacula may

be regarded as pallial. If, on the other hand, the position here supposed in

relation to the ciliated bands of the Ctenopliora be doubted without valid reason,

I can only say that it is not at all more remarkable than the modifications of the

ambulacra in the EcMnodermata, passing from Asterias to Spatangus for example.

The branchial tentacula in the Tunicata may be regarded as ecclusory and

perhaps prehensile, while respiration is effected by their pharyngeal apparatus,

and the same office is probably also exercised by its homologue the oral circle of

tentacula in the Polyzoon., and the so-called cirri of the Brachiopod. In the case of

the latter, however, it may be subserved also by the pallial sinus system, which is

ciliated within, and thus enabled to circulate the contained corpusculated fluid.

The renewal of the water passing over it is of course chiefly brought about by

the action of the vibratile cilia clothing the double row of tentacula (" cirri")-

There is apparently, to my mind, but a short step from these latter organs to the

ciliated bands of Cydippe, in which they are both locomotive and respiratory,

being in close relation with the aquiferous system ; and it must be remembered,

that this, like the pallial sinus system of the Brachiopod, is not only lined with
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cilia circulating a corpusculated fluid, but also contains the reproductive organs.

Finally, the tentacula in the Ccehnterata are in most cases both prehensile and

respiratory, while in many they are also locomotive.

The accompanying series of diagrams will show more distinctly the relation-

ship of the various organs and parts in the five groups so imperfectly glanced at

above.

A. B. C.

D. E, F. G.

A. An Ascidian.

B. A Polyzoon.

C. Cydippe.

D. Actinise, fixed and free.

10-—

<

E. Tubularia.

F. Clava.

G. Hydra.

The numerals have a corresponding signification in all the figures.

1. The outer oral, or brancWal tentacula of Tunicata, which do not appear again in any of the

inferior types.

2. The outer mouth or branchial opening of Tunicata only to be represented theoretically, by the

conjoined summits of the tentacula of Polyzoa.

3. The branchial cliamber or respiratory pharynx of Tunicata^ to which the tentacula of Polyzoa

and the ciliated bands of Cydippe may offer an equivalent; being thus pharyngeal in the

first, oral in the second, and somatic in the last. It is, moreover, altogether absent in the

other sections of Coelenterata.

4. The inner or oesophageal opening of Tunicata, and the proper mouth of Polyzoa, Ctenophora,

and Actinozoa.

5. Pyloric orifice of the stomach, leading into a closed intestine in Tunicata and Polyzoa ; and

into an intestine communicating with the somatic cavity in Ctenophora ; and solely into the

somatic cavity in the Actinozoa. Probably, also, in the everted state forming the oral orifice

in Hydrozoa.

6. Anal extremity of the intestine in Molluscoida and Ctenophora.

7. Position of the nervous ganglion in the same.

8. The oral tentacula in Actinozoa, probably equivalent to the outer or somatic tentacula of the

Hydrozoa, always occurring on the outer or proximal side of the reproductive organs.

9. The oral tentacula of Hydrozoa, always on the distal side of the young gemmules. In accord-

ance with the views here expressed, it may be assumed that the inner circle of Tubularia is

homologous with the single series of Hydra, &c.

Regarding Cydijype as holding a middle position in the foregoing series, the
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theoretical passage of the type upon which it is constructed into higher and

lower types is effected in the tentacular system by addition, and in the alimen-

tary system by modification, and these are, of course, either progressive or retro-

gressive, as they tend to the higher or lower forms. Thus, the tentacula of the

Polysoon, and the branchial tentacula of the Ascidian^ are progressive additions,

while the oral tentacula (so-called) of the Actinozoa, and then the oral tentacula

of the Hydrozoa, are retrogressive additions, however contradictory the phrase

may appear.* On the other hand, the insulation and simple flexure of the in-

testine in Polyzoa, and the perfect looping or double flexure of the intestine in

Tunicata, are progressive modifications, while the simplification and central en-

largement of the somatic cavity, abolishing the intestine in Actinozoa^ and, finally,

the virtual eversion of the stomach in Ilydrozoa, are retrogressive modifications.

To make the principles here expressed more intelligible, I have arranged them in

a tabular form, thus,

—

Conversions of the Cydippean Type.

I.

MODIFICATIONS AFFECTING THE ALIMENTARY SYSTEM.

* Progressive,

Complete insulation of the intestine from the somatic cavity.

a. Primary type, with simple neural flexure

—

Brachiopoda and Polyzoa.

b. Secondary type, with primary h^m^il and final neural flexure

—

Ascidiozoa.

** Retrogressive,

a. Primary type. Stomach more completely insulated by the abolition of the intestine

—

Actinozoa.

b. Secondary type. Eversion and consequent abolition of the true stomach

—

Hydrozoa.

11. •
,^

ADDITIONS AFFECTING THE TENTACULAR SYSTEM.

* Progressive.

a. Primary type. Oral tentacula of Brachiopoda and Polyzoa.

b. Secondary type. Branchial tentacula of -4scio?to2oa.

** Retrogressive.

a. Primary type. Oral tentacula* of ^cJmoroa.

b. Secondary type. Oral tentacula of Hydrozoa.

Two suggestions present themselves in this mode of considering the subject,—

viz., first, that the Bradiiopoda and Polyzoa should be taken together as a group

in themselves, quite as natural as the Tunicata, consisting of simple and com-

pound forms ; and, secondly, that the Ctenopliora should be received within the

pale of the Molluscoida, perhaps as a pelagic section representing Salpa, Doliolum,

* It will be observed that the homologues of the oral tentacula of Tuhularia do not exist in

Lucernaria, while they are the sole prehensile organs of Coryne and Hydra.
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&c., amongst the Tunicata. In accordance with these views the following classi-

fication may be given :

—

( With primary hsemal \ . . ,.

Intestine insulated from j and final neural flexure, j

^ „ ^ ^ the somatic cavity, . ^ With simple neural) Brachiopoda

the Ctenophora)] •
"
1

' flexure, ..... j and Polyzoa.

Intestine straight, and communicating with the 1 „ ,

(^somatic cavity, j

"

( Intestine obliterated ; stomach communicating with ) . ,
•

- ,. I ,, , -J.
> Actmozoa.

Ccelenterata (excludmg J the somatic cavity, j

the Ctenophora), . . i True stomach obliterated, its ofl&ce being answered \ „ ,

' by the somatic cavity, 3

* These are probably in ordinary cases truly somatic, for, in some instances, an inner and

verv distinct set exists, more worthy of the name of oral, homologically speaking.
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XXXIX.

—

On the Great Drift Beds with Shells in the South of Arran. By the

Rev. Robert Boog Watson. B.A., F.R.S.E., Hon Mem. Nat. Ver., Liiiieburg.

(Plates XXI., XXII.)

(Read 4th January 1864.)

The South of Arran in General.
Character of the Drift-Beds there.

Description of these in Detail.

1. Auchinreach Burn.

2. Glen Ashdale.

3. Torlin Burn.

4. Cloinoid Burn.

5. Slaodrigh Burn,

6. Crogcrever Burn.

7. Clachan Glen.

Conclusions :

—

1. Boulder-clay derived from land glacia-

tion.

2. Ice covered the land till submerged.

3. Boulder-clay deposited in the sea.

4. „ compressed by ice, &c.

Conclusions—(^continued.)

5. Boulder clay contains land -formed beds.

6. ,, deposited as land was sub-

siding.

7. Subsidence extended to 1100 or 1200 ft.

8. „ was continuous, not oscilla-

tory.

9. „ was gradual.

10. „ was it rapid \

11. No general glaciation since re-emergence.

12. Boulder-clay beds of all ages of glacial

epoch.

13. Drift and Boulder-clay contemporary.

14. Relation to sea-line, a test of age.

15. No material change on the basement-

rock since glaciation.

Summury.

The whole southern part of Arran forms a field by itself, and whatever may
be the deeper connections of the agencies that have fashioned the north and the

south of the island, the result is a trappean area to the south, as distinct as if it

lay in another hemisphere from the north, with its granitic nucleus, and encom-

passing rings of stratified rock.

This district is little visited, and is almost, if not quite, undescribed; it pre-

sents, however, much beautiful scenery, and for the geologist, problems of extreme

difficulty and interest, which deserve more attention than they have got.

It may be divided into two belts of tilled land and moorland, above which

are the hill tops. This division corresponds roughly to three regions, the lowest

chiefly of sandstone, the middle where felstone prevails over the sandstone, and,

the highest of greenstone.

From the sea, the land rises in a precipice, of from 50 to 200 feet in height.

In general, for some two or three miles up the valleys, the rock is sandstone with-

I out fossils, and of doubtful age, but probably Permian. It is soft, fine-grained,

I
often shaley, thinly laminated, chiefly bright red or purple, and much intersected

though not much disturbed by dykes of igneous rock—large isolated masses of

which also occur. This sandstone region extends from the coast to a height of

from 300 to 500 feet. Its rising slope towards the interior is extremely gentle

both in the valley bottoms and in the hill sides above.
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From the sandstone region, the rise is generally a steep one, and marked in

the burns by a waterfall. This is the edge of the felstone district, where the

sandstones, though present, and often considerable in depth, occupy but a small

superficies. Here the land rises in faster slopes, to a height of 1200 or 1500 feet.

The felstone varies A^ery much. In the south-east it is generally a grey yellow or

pink felstone, very friable, disintegrating to soft sand with great rapidit}^ some-

times columnar, sometimes also amygdaloidal, and frequently markedly lami-

nated, a quality plainly due to the unequal cooling of the mass while in motion.

In the south-west again, this felstone is sparingly present, and the prevalent

igneous rock is a very beautiful felstone porphyry, with a matrix of close-grained

compact felstone, sometimes approaching in texture to hornstone, pinkish and

yellowish, but most often grey in colour, and containing large crystals of Avhite

orthoclase and irregular rounded granules and lumps of crj^stalline quartz.

Above the feistones rise tabular masses of greenstone, which occasionally reach

a height of 2000 feet. They are of no great extent, but have been largely

eroded.

The combined result of these features is a table-land with long slopes and

rounded contours, rising in hummocky elevations in the distance, and nmch in-

tersected by valleys.

Over the whole of this table-land lie clays and sands.

Superficial sand-beds are not common, but occur here and there, from 50 to

570 feet above the sea. Stratified gravels and clays are to be found in the basins

which occur in nearly all the valleys.

Markedly distinct from these two classes of superficial beds, is the great

deposit of coarse red boulder-clay, which swathes hill and valley in a dense mantle,

and gives its characteristic feature of rounded outline to the scenery. (PI. XXL
fig. I.)

It may be found on the very edge of the beach. It lies deep over the terrace

which rises steeply from the shore along the coast line, and is only absent where

this terrace towers up in a great precipice of igneous rock, as at Leac-a-breac,

Benan-head and Dippin.

From 50 to 300 feet above the sea, it reaches its greatest development, pre-

senting banks in the water-courses from 80 to 140 feet high. On the hill slopes,

as might be expected, it is shallower, and in the valleys too, as they rise into the

uplands, the banks of boulder-clay become smaller. Even there, however, they

are still considerable, and at a height of 520 feet, I found one face of the boulder-

clay 110 feet high.*

The greatest measured height at which I ascertained the presence of the

* I need hardly say, that the sections formed by the burns are transverse to the bedding of the

lioulder-clay ; and, therefore, that the above measurements do not give the true deptli of the deposit,

but only the height of the sections.
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boulder-clay was 1100 feet, or a little more (Aneroid barometer), but I remember

to have seen it 100 or 200 feet higher, and I have no doubt, patches of it may be

found a good deal above this, but I had not time to seek them.

From all this it will be obvious, that the boulder-clay has not been piled up

in immense irregular masses, like glacier moraines, but conforms, on the whole,

to all the contours of the rock surface. Even in the valleys, where, of course,

it has accumulated in masses disproportionally great compared with those on

the hill faces, and where therefore the contour of the surface ceases to conform

strictly to that of the rock below, there are indications, in the separate beds of

the boulder-clay, of the modifying influence exercised upon them by the form of

the ground on which they have been deposited,—the line of the valley forming

the synclinal axis of the beds. Where wide basins exist in the valleys, which

is often the case above some transverse stream of igneous rock,* the boulder-

clay lies equally round its whole margin, and follows the slope of its banks.

The importance of this agreement between the lines of the boulder-clay and

of the rock below is, that in glacier moraines, there is no such regular disposi-

tion of beds, and still less would such be found in the scattered droppings of

floating ice.

Great irregular masses of material, resembling moraines, I only observed high

up on the face of the hill, between Kildonan and Benan-head ; and again, at the

head of Glen Cloy, where there is a huge moraine.f

The form in which the boulder-clay beds present themselves in the burn-

courses is as steep slopes thinly grass-grown,—occasionally, where water oozes

over them, the face of the beds is steeper, more broken, and covered with con-

fused heaps of stones and mud. The best view of their composition is generally

to be got where the burn has cut in to the underlying rock, and the bank rises

precipitously above.

In general character, the boulder-clay of the south of Arran is a coarse, red,

sandy clay, full of stones, both striated and water-worn, and of all sizes, from

boulders 4 or 5 feet in diameter downwards. It varies a good deal in texture,

being sometimes loose and gravelly, at others dense and hard, so as to stand up

in nearly perpendicular precipices, dotted over with projecting stones so firmly

* One is apt to mistake mere erosions of the boulder-clay for true basins in the basement rock,

but where there has simply been an erosion, there is of course no such agreement as that spoken of

between the contours of the surface of boulder-clay and the basement rock.

"}" I do not think this moraine has been noticed. It lies near the head of the glen, and rises

to a height of 800 or 900 feet above the level of the sea. Where the glen conti-acts there are, on the

south side, immense heaps of huge blocks of rock tumbled down in the wildest confusion,—the same
appears on the north side of the valley, and all the valley bottom is obstructed by heaps of gravel

,
and stones. The cup formed by this is about half a mile long, and above, on all sides, the hills rise

perpendicularly to a height of 1100 or 1200 feet. Tliese moraine masses extend down to the foot of

G-lenDhu, more than half a mile, and in this glen, also, is some appeai-ance of smaller moraines. In
the lower part of the Glen Cloy moraine granite boulders become frequent.
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fixed, that in the water-worn gullies one may often climb far up the steep Lank

by holding on to them. On the whole, it is perhaps less compressed and homo-

geneous than boulder-clay often is ; it is also occasionally traversed by bands of

stones or beds of sand and clay. Towards its upper surface it is often somewhat

disintegrated, and less dense than below. At times it passes upwards into a dense,

fine gravel. In some places it is to be found resting directly on the rock below

;

but at the lower levels it is often separated from the rock by a bed of sandy clay,

while at a higher level it is, in at least two instances, underlain by a very hard,

densely-packed, angular gravel or coarse sand, with large striated boulders, which

seems to have lain directly under a glacier.

Shells occur occasionally in considerable quantities, both in the boulder-clay and

in the sandy clay (not in the glacier gravel) below, at various heights, from 80 to

320 feet above the sea. No general principle explanatory either of the presence or

absence of the shells is obvious, except that they seem uniformly wanting in

the beds of large stones. In the boulder-clay they are very much broken. In the

laminated beds, both those which rest on the rock and those which traverse the

boulder- clay, the shells, when present, though of more delicate type, such as

Ledas Naticas &c., were less destroyed. At first, from the broken state of the

shells, I thought the whole deposit must have been formed on the beach ; but

more careful observation showed that the inference was drawn merely from bits

washed out by the rains, these being by far the most abundant. If carefully dug for,

the shells may often be found, crushed indeed, yet with each fragment in its own
place—two-shelled species with their valves united. Some of the large speci-

mens of Cyprina, though unbroken, are indented as by a sudden violent blow. In

short, the whole condition of the shells suggests that heavy stones have been

dashed down on them, or that they have yielded in the bed where they lay to the

weight of sand and stones more quietly piled over them.

Of species there are sixteen determined and one doubtful, besides many frag-

ments which do not seem to belong to any of these, but are too minute for re-"

cognition.*

As to their habitats, they belong distinctivel}'^ to the coralline zone, or to even

deeper water. Of the sixteen species which have been determined, seven, so far

as they are known on our coasts, are never found in water shallower than 150

feet (25 fathoms) ; and except one, all the others, though found at a less depth,

are also found in very much deeper water. The single exception was the Litorina

litorea, but of it I found only two fragments.

In character, Mr Searles Wood, who was good enough to examine them forme,

pronounces them decidedly boreal. All the species, except Turritella communis

(which is common in the Norwegian drift-beds), extend to the arctic province.

* For list of these see end of paper.
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Three

—

Pecten islandicus, Astarte arctica, and Cryptodon Sarsii (if it be really

distinct from the sinuosum)., are distinctively arctic, a character further indicated

forthe whole collection by the prevalence of astartes, which, both in species and

individuals, greatly outnumber all others.

Vegetable remains, apparently heather stalks, were present at two places in

the boulder-clay.

In general, the material of the boulder-clay is derived from the rocks of the

particular glen in which it lies. Still foreign materials are not wanting. Thus,

in Cloinoid Glen, I found pieces of syenite, which must have crossed the water-

shed between that glen and the Torlin Glen to the east, in which the syenite

rock lies. In the same glen also were pieces of a very peculiar (carboniferous)

sandstone, which must have come down across two water-sheds, from the Clachan

Glen to the north. Fragments, too, have been brought down from the Silurian

shales in the north-west, and from the granite in the north ; and one bit of impure

coal I found, which must have come either from the little patch of coal in the ex-

treme north-east, or from the mainland opposite. All these wanderers have pro-

bably been brought by floating-ice.

The red colour of the boulder-clay shows how largely it is indebted to the

friable red shales of the district. Hardened knots of this shale, which are always

striated, are frequent ; but by far the largest proportion of the stones which it

contains are derived from the igneous rocks. The soft laminated felstone, in-

deed, which prevails in the south is not common, from its proneness to disinte-

gration, but felstone porphyry and greenstones abound. The absence of striations

on the stones from the felstone porphyry is very striking. This, how^ever, is

apparently due merely to the texture and colour of the stones, and is equally true

of the whitey coarse-grained variety of greenstone.

At the lower levels the surface of the underlying rock is rarely to be seen

striated, a fact partly owing to its texture, which is very soft and friable, and

partly to the difficulty of getting a surface at once sufficiently exposed, clean, and

unweathered. On the shore between Brodick and Lam lash, however, there are

some very well-marked striated surfaces.

I have made these general remarks as full as possible, in order to avoid repe-

tition in detail of features common to the whole boulder clay, and will therefore

iaow only refer to individual places, in so far as they strikingly illustrate previous

statements, or otherwise present something peculiar.

Below the bridge over the Auchinreach Burn, above Whiting Bay, 70 feet

above the sea, the boulder-clay is 40 feet deep. It rests directly on a bed of

friable shales. The stones in it are much striated ; small granite boulders aie

frequent. At 50 feet above the sea this bank is 50 feet high, but it is only the

lower 15 feet that are boulder-clay. The underlying rock is not seen here. The
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boulder-clay is very hard. Through it there runs a stratum of fine clay 3 or

4 inches thick. Above the boulder-clay is a great bed of sand, in some places

35 feet thick, but diminishing rapidly in depth as the bank slopes downwards to-

wards the sea.

At the mouth of Glen Ashdale, the boulder-day beds lie deep over the whole

hill side to the north. They are also present, but in a very ruinous state, on the

south.

Between Whiting Bay and the Torlin Burn they are everywhere to be seen,

but I did not examine them minutely.

In the Torlin Burn, and especially in the Cloinoid branch of it, they are im-

mensely developed, and present the best sections I have seen in Arran. The beds

also contain shells.

At the farm of Torlin, on the edge of the sea cliff, the boulder-clay rises from

the beach to 110 feet above the sea. On the road above Lag, at the schoolhouse,

it is 150 feet above the sea. This is just above the edge of the great red banks,

which rise steep and broken from the burn, and run on uninterruptedly for a couple

of miles. The first place where I found shells in these banks was on the east

side of the burn, 120 feet above the sea (Plate XXL, fig. 1), and about 15 or 20 feet

below the top of the bank, which is here 50 or 60 feet high.

Just below the Church of Kilmorie, the burn is crossed by a little wooden

bridge. Immediately below the bridge, on the west side of the burn, 80 feet

above the sea, is an extremely interesting section. The bank is 100 feet high, but

is much obscured by sludge. The boulder-clay, however, can be made out in detail

nearly to the top of the bank. At the edge of the burn course, the sandstone is

laid bare. It is very considerably hardened by a greenstone dyke, which lies here

in the burn course. The face of sandstone slopes quietly up from the level of the

burn for 4 or 5 feet. If it Avas ever striated, the burn has effaced the markings, the

whole surface having been evidently exposed for a considerable time. Its upper edge

is perpendicularly broken off on an irregular line ; and at the back of this edge, the

curious succession of beds shown in the accompanying sketch can be made out.

(Plate XXL, fig. 2). The impression which they produced on my mind was, that

the under beds to No. 6 or 7 had been formed by running water under a glacier,

and had been jammed in at the back of the rock by the ice moving downwards,

not directly in the line of the present burn course, but obliquely across it from the

north-west, while the other beds above, from No. 8 onwards, were deposited in

the sea. In any case the presence of the sea during the formation of beds Nos.

10 and 11 is certain, from the presence of shells in both of them. In No. 10 I

found a few unbroken Ledas in pairs ; and in No. 1 1 , besides fragments of Ledas

two broken Turritellas, and a small bit of a Litorina litorea. This last bed is

harder and darker than No. 13 ; and the stones, which are well striated, are fewer

and smaller, but both beds are distinctly boulder-clay. Bed No. 10 seems to dip
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under No. 11 to the west, at an angle of 75° ; but the dips in all these clay beds

are very deceptive.

Above the church there is a flat open space in the bottom of the valley. In

the centre of this flat a bank slopes out from the hill side above, and breaks

abruptly in the middle of the field, presenting a face 20 feet high. On the top is

seen coarse water-rolled gravel—below is fine clayey sand. This seems to be the

Avreck of the superficial deposits, which had once covered the whole flat. Just

below this, in the burn course, I found, resting on the boulder-clay, a layer of fine

clay, buried beneath sand and gravel, and containing dead equisetum roots, which

I have no doubt are modern ; but the depth to which this plant penetrates is

often very deceptive. These beds seemed to form a lower member of the super-

ficial deposits mentioned above.

In the centre of the field a boss of felstone porphyry projects above the flat.

It has the form of a roche moictonnee, but I could not satisfy myself that it was

striated.

Above this the boulder-clay banks are of great size, but I did not examine

them carefully. In the upper part of the valley, at 450 feet above the sea, and

near the path leading over to Lamlash, I found a well striated face of greenstone.

Further on, at the same height in the burn course, is a bank of boulder-clay,

rising to 40 feet above the burn, but the lower part of the bank, for 20 feet, is

formed of the friable shale rock of the district. Close by, however, the boulder-

clay has fully this depth, and is hard, firm, and flakey in texture. This is just

below the farm of Stragael. In the valley bottom here is a flat, where the

boulder-clay is covered with gravel. At 570 feet above the sea, just above the

farm of Stragael, is a great bed of sand with a few stones. At 800 feet above

the sea, the boulder-clay banks beside the burn are still 30 feet high. At 1100

feet it is 10 feet thick ; but at 1130 it is thin and sandy, and the shales appear in

broken angular fragments close to the surface. On the hill-side, north from this,

at 100 or 200 feet higher, it again lies thicker, but I could not examine this

locality minutely. At 1250 feet there are well striated bosses of felstone.

The Cloinoid Burn is a branch which joins the Torlin Burn from the N.N.E.,

about a mile, or rather less, from the sea. Between the burns the land swells up

in a rounded back, which is, however, very little higher than the edge of the great

boulder-clay banks which line the burns. The valley is very narrow in its lower

part, and the banks high and steep ; but they are much obscured by debris, so

that the details of the boulder-clay can seldom be followed for any distance. The

best section of them occurs about a mile above Lag, from 160 to 200 feet above

the sea, the top of the bank rising from 240 to 340 feet above the sea, or from

'80 to 140 feet above the burn. This section extends, with interruptions, for

several hundred yards. It may best be considered in two parts. The first part

(Plate XXL, fig. 3), is about 80 feet high and 200 yards long. At the
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bottom is exposed a small face of soft friable sandstone, above which is a dense

sandy clay apparently about a foot thick, but very little of it can be seen from

the debris. It is best seen at the south end of the rock, and its laminae corre-

spond to the slope of the rock. About 20 feet above this the face of the boulder-

clay is crossed by a band 2 feet thick of big stones, some of which are 2

feet long and broad. This bed runs downwards across the bank till it sinks to

8 or 10 feet above the burn. Ten feet above this is a less marked bed of stones,

which, on the whole, keeps its relative position to the other, till, at their point of

lowest depression, they seem to run into one another. As the centre of this

section is obscured for 100 yards by a grassy bank, of course there is no certainty

that these stone beds are the same throughout ; they seem however to be so.

If they are their dip is probably due to the fact that they were deposited on the

slope of the hill side, and that the section which the burn has made is not in the

line of their strike but transverse to it,—as indeed is obviously the case from the

exposure of the rock where they are highest, and its concealment where they

sink lower. The irregularity of the two beds relatively to each other is no more

than might be expected. A close examination of these beds is impossible from

the steepness of the bank, and the view of them from below, or from the other

side, is unsatisfactory, owing to the debris, the irregularity of the surface, and

the similarity of the colour throughout. Above this bed of stones is a layer of

clay a few inches thick. Little bands of clay and sand traverse the boulder-clay,

and about half-way up the bank is at one point (Plate XXL, fig. 4), a bed of

stratified sand, overlaid by a stratum of boulder-clay, which last is separated

from the mass of the boulder-clay above by a parting of sand. The sand-bed

contained a few fragments of shells. The layers of sand curve sharply over

upon themselves, as if they had been thrust forwards under a heavy weight

from behind, and forced to over-ride one another. The boulder-clay resting on

this sand seems to have shared in the thrust, but being less easily bent has

merely swelled out into a club-shaped mass.

BetAveen this and the next good section a considerable mass of felstone porphyry

appears in the burn. Above this is by far the finest section of all (Plate XXL,
fig. 5.) It is from 200 to 300 yards long, and the bank is 140 feet high. It pre-

sents two or three broad perpendicular faces, intersected by deep hollows

channelled out by the running of water. The lower 20 feet or so is a debris

talus. Just above this the rock crops out through the bank at one place. It is

a soft, crumbly shale. It is covered by a bed much more sandy, and with fewer

stones, than the rest of the deposits. It was in this bed that I found Naticas

quite unbroken, but so fragile that they could not be got out uninjured. In it

I also found a fragment of Litorina. The boulder-clay above the sand shows

a tendency to bedding. A very marked line, apparently of large stones, crosses

the whole face of the bank from 25 to 50 feet up, rising as it goes down the

L
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burn to the south. It is very hkely one of the beds of stones which Ave saw in

the last section. There are also other indications of water-sorting in the beds

l)oth above and below. Shells were most abundant near the rock, and also higli

up the bank to the south end of the section.

Above this a great mass, 30 to 40 feet high, of laminated felstone, in a

very shattered and rotten state, crosses the valley. The channel cut through

this is only the breadth of the burn, and in this narrow passage are a few old

rounded, but not striated surfaces ; but elsewhere I could see none, so completely

is the whole rock in a splintery state. The boulder-clay lies over the top of this

rock, and comes down to the burn both above and below it. I unfortunately

neglected to measure the height to which this rock barrier rises above the burn,

—

a point so far of importance that the rock, if it really cross the valley, as it seems,

must have formed a dam behind which the glacier ice, coming down from the

hills above, would be checked and embayed in the basin above. Of course it

may have accumulated till it rose high enough to overflow the barrier, but tlie

narrowness of the passage, obviously cut by water, indicates plainly that through

it the ice found no egress.

Above this barrier is an open basin half a mile long (Plate XXL fig. 6*.),

round which the boulder-clay lies deep. The curve of the bank all round faintly

suggests a water-formed terrace, but I did not attempt to ascertain how far it keeps

the same level. The lower end of the basin is about 300 feet above the sea, the

upper about 380. It was in the boulder-clay bank, about 20 feet up from the burn

at the lower end of this basin, that I found the last fragment of shell I met with,

Plate XXI. fig. 1, gives this bank. The lower part of the bank consists of

a singularly hard, dense, dry, gravelly clay, derived from felstone porphyry rather

than from the sandstones. It looks as if it had been jammed in dry against the

felstone rock, to the east and south down the burn, by the glacier when in

motion. In it are several large, well striated greenstone boulders. Above this

hard gravelly clay, to the left, the red boulder-clay rises to the top of the bank.

To the right this boulder-clay has been stripped off, and over the surface of the

underlying bed is a stratum 2 or 3 feet thick of water-rolled boulders. This

bed merely laps up on the edge of the red boulder-clay as it thins out on the flat.

The relation of the two is indeed very difficult to make out from the debris and

turf which conceal their junction in the corner at the rise of the bank; but it is

better seen at the other end of the section of their junction-line, where it is ex-

posed about 100 yards up the burn, and this is shown in Plate XXII. fig. 8. Here,

as before, the hard yellow gravelly clay, about 6 feet thick, lies in the burn

course, and, resting directly on it, is the bank of red boulder-clay. To the left, cut

off by the burn, is seen the projecting edge of the valley flat. Here the yellow clay

seems to have been eroded and buried under a thicker mass of rolled stones and

gravel, which becomes thinner as it is followed down the edge of the bank to the

VOL. XXIII. PART III. 7 E
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former section. In the angle of the bank and the flat, this bed of stones is over-

laid by the remains of a bed of sand. Both of these beds seem to be superficial

deposits of a later period, when the basin was occupied by a loch or inland sea-

bay, the currents of which had deeply eroded the red and yellow clays.

Elsewher? in the flat other superficial beds besides these can be made out,

—

not indeed all at any one spot, yet distinctly enough, to a thickness of 8 feet

:

1. At the bottom coarse water-worn gravel, what this rests on is not seen ;

2. Above this fine clay, with equisetum roots apparently of the period of the

clay, but this is not certain ; 3. Sandy gravel; 4. Coarse gravel; 5. Sandy clay;

6. Loose coarse gravel, or small rolled stones. In this last bed nearly every

stone, both greenstone and felstone, was so thoroughly disintegrated that the

whole bed seemed at first to be merely sand.

At the very head of this basin a burn goes off* to the west or north-west, in

w^hich a deep section of the boulder-clay is given ; and between this burn and the

Cloinoid Burn, just to the east of the clachan of Cloinoid, is a deep land-slip in

the boulder-clay, which strongly conveys the impression of how deep the clay is.

The boulder-clay banks press closely in on the burn above this, and at 520

feet above the sea is a waterfall over the edge of a great bed of felstone porphyry,

and from the foot of the fall the boulder-clay rises 110 feet perpendicular; but

above this the valley rapidly opens out to a mere depression in the contour of the

hill, and the boulder-clay thins out more and more.

The next great glen to the west is that of the Scoradale Burn or Slaodrigh

Water, in which, and all its tributaries, the boulder-clay banks are very large.

Up one of these tributaries I found a bank of the clay 130 feet high at 310 feet

above the sea, and in the main burn they seem even larger. I examined them

carefully, however, only in the Croghcrever Burn, which joins the Slaodrigh Burn

from the north-west, about a mile above the sea. At the junction of the burns,

50 feet above the sea, one gets a very good view of the mass of the beds, which

are here from 00 to 100 feet high. Just above the junction is a steep but some-

what ragged face of the boulder-clay (Plate XXII. fig. 9). Here the soft

shales at the bottom rise on the left to about 15 feet, but diminish in height

down the stream. Above the rock are ten or twelve feet of coarse gravel and sand

plainly stratified. Above this is boulder-clay 50 feet, with traces of bedding, and

perhaps somewhat looser than usual. I found a few fragments of shell about

the middle of the bank. They had been washed out by the rains, and I could

not trace them to any particular spot. The nature of the bank prevents a very

close examination of it in detail.

Just above this is a bank which a year ago presented a remarkably fine

section. Being very deeply channelled by water-courses, its details were well

shown, and it was also remarkably rich in shells. Scarcely a trace, however,

now remains of it, so completely has it been washed away or buried in its own
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ruins. The soft sandstone rock here appeared about 40 feet above the bui-n, and

over its face lay a dark bed of fine clay, in which shells were both abundant and

remarkably fresh and unbroken, the bivalves being in pairs, and retaining both

their ligament and epidermis.

Above this is a long, narrow gorge, about 60 feet deep and half a mile long,

cut through the soft shales in the line of their strike, which is north-west. The

l)0ulder-clay lies down the dip of the strata on the north-east. (Plate XXII.,

fig. 10.) At about 130 feet above the sea the gorge turns a little more westward

than before, and in the angle it expands and forms a small basin, with huge

boulder-clay banks 120 feet high on the north-east side. About 60 feet up, the

bank is crossed by a dense bed, a few inches thick, of dark brown clay, very hard,

with small gravel in it, and very rich in shells, especially Leda in pairs, and

Balanus valves.

Above the gorge is a great stretch of laminated felstone, which occupies

both sides of the burn-course. It is this felstone which seems to have protected

the shales lower down the burn.

The phenomena of the clay-beds for half a mile above this point, which is

from 250 to 300 feet above the sea, are extremely instructive and interesting,

but very difficult to explain. (Plate XXII. fig. 11.)

Cut through by the burn is a bank, 7 feet high, of intensely hard yellow

clayey gravel, resembling that which I have described in Cloinoid Glen, and like

it, chiefly made up of felstone porphyry. Like it, too, it has all the appearance

of having been travelled over by the glacier, so compressed and yet so dry and in

itself incoherent is it. The upper surface of this bed seems to be quite uncon-

formable in its slope to any of the other contour lines, either of the rock below,

or of the beds above, for it dips to the westward, while the whole land is rising

in that direction. It seems, in short, just like a bank that had nestled in be-

hind the edge of the rock, and was thus preserved from the abrasion of the glacier.

On this back slope of the yellow gravel lies the much redder and somewhat

softer common boulder-clay, in which I found a fragment of shell. (Plate

XXII. fig. 12.) Horizontally overlying this, and abutting unconformably against

the 3'^ellow gravel, is a ten-foot thick bed of coarse sand, on the top of which is a

layer, 8 feet thick, of very large stones. Above this is some 6 inches of fine light-

coloured sand, and over all is earth. On the east side of the burn, this bed of

yellow gravel (Plate XXII. fig. 11) nestles in behind a strangely isolated mass of

the felstone, close above which is another rock of rotten felstone, round which the

old burn-course lies. The new channel is 3 feet deeper than the old one. Some
very large and well-striated boulders of greenstone lie in the yellow gravel bank

' opposite this point, as shown in Plate XXII. fig. 12.

Just above this, in the burn-course, there appears on the west side, a long

face of felstone, which rises 4 or 5 feet above the burn. It seems glacier-worn
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from its rounded form, but its whole exposed surface is utterly shattered, Avhile

its junction with the overlying clay beds is entirely concealed by debris. (Plate

XXII. fig. 13.) Resting directly on it, is a confused dark-coloured bed of gravelly

clay, with large angular stones crushed rather than ground, some of them striated.

In this, a year ago, I found quantities of heather-stalks, but this spring, on revisit-

ing the place, I found it a good deal more concealed by debris, and I could only

find one bit of heather-stalk about an inch long, which I fairly dug out of the clay

among the hard pressed fragments of stone. The discoloration of the bed, Avhich

is very marked, may be partly due to the vegetable matter, but it seems much

more owing to the disintegrated greenstone and pitchstone fragments which

abound. I had great difficulty in satisfying myself what this bed was, but was

"greatly helped by finding it again further up the burn. It is just the hard yellow

gravel formerly described, and the red boulder-clay which (Plate XXII. fig. 12),

along the burn, intervenes between it and the yellow gravelly clay, must be just a

tongue of the boulder-clay, lying in a depression of the surface of the yellow clay.

For some way up the burn, the felstone rock forms one side, and the boulder-

clay the other of the water-course ; and no doubt, the yellow gravelly clay lies

hidden under the debris between, for it reappears a little higher up on the opposite

{i.e. the east) side of the burn, and there it distinctly underlies the boulder-clay.

It is intensely hard, and all the stones in it are angular. From the point where

it reappears, it can be followed more or less continuously for a long way, some-

times on one sometimes on the other side of the burn, but never, I think, occupy-

ing both sides at once, so that it seems to be thin. At one place, on the east side

of the burn, it actually seems to underlie a considerable mass of the red and

yellow soft shale rock which unexpectedly makes its appearance amidst the

felstone. At the north-west corner of the mass where alone I could get a good

view of their relations, the edges of the shale strata distinctly lay upon and pro-

jected over the yellow gravel beds. On the whole, the shale rock seemed either a

mass projecting amidst the felstone, and into the foundations of which the yellow

gravelly clay had been violently forced, or more probably a loose mass of the

strata which has either slipped or been pushed over the top of this yellow clay-

bed, yet without being upset or indeed very violently disturbed. Higher up

again, the yellow gravelly clay is seen directly overlaid by the red boulder-clay.

Just above this, at 280 feet above the sea, the clay banks are 100 feet high.

From this point, a great shallow circular basin opens up on the hill face, and all

around its margin, the boulder-clay banks go sloping down into it.*

* Just where the burn escapes from this basin, the section of the strata shown in twenty yards

of the burn-course is most curious. Descending the burn, one first reaches the junction of the fel-

stone porphyry and the underlying sandstone. The felstone porphyry crosses the burn to the

N.N.W., and unconformably overlies the sandstone from which it is parted by a greenstone dyke.

The sandstone is consideraldy hardened. A little lower down the burn the sandstone laps up on

M
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Between Glen Scoradale and the Great Black Water Valley there are immense

beds of boulder-clay, and also of water-rolled gravels but, I only marked their

jjresence without examining them in detail.

In the Clachan Glen, the great boulder-clay beds extend from the bridge at

its mouth at 190 feet above the sea upwards for a mile and a half or two miles.

At 220 feet above the sea, felstone rock appears in the burn-course, but it is all so

shattered on the surface and buried in debris, that no striations can be seen. At

250 feet above the sea, the shales reappear. Here, in the open and flat valley-

bottom, a bank rises 20 feet above the burn which presents the section shown in

l^late XXII. fig. 14. The lower part is entirely concealed by a talus of debris,

above which the shales rise perpendicularly on the left. These are partly over-

laid by 2 feet of dense gravel, very hard pressed, which belongs to the boulder-

clay series. Above both the shales and the gravel-bed are 3 feet of large loose

stones, and 2 feet of fine sand, with earth over all. The two latter beds, that,

viz., of stones and that of sand, seemed to me to belong to the class of later

superficial deposits thrown down when the boulder-clay was eroded by the action

of a lake or bay of the sea.

A little way behind this on the north, the boulder-clay banks rise 120 feet

high, while 100 yards east, or further up the burn, they reach 170 feet. The

upper part of this bank consists of hard stratified gravels, less dense than usual

in the boulder-clay, and the surface below the turf has three inches of fine hard

clayey sand.

By far the best sections of the drift are to be seen on the other (the south) side

of the burn ; for there, though hardly more continuous, they are somewhat more

perpendicular and less obscured by debris than on the north side. Unfortunately,

however, they are so far obscured and interrupted, that the beds which they

jiresent cannot be traced continuously for any distance. At 290 or 300 feet above

the sea is certainly the best and most interesting view that can be got of them, the

whole bank being cleared from the burn upwards for 90 feet. (Plate XXII. fig. 15.)

At the bottom is some 15 feet of hard gravelly clay ; above this a layer of 4 or

5 feet of great stones and gravel ; then 15 feet of dense finely laminated clay

with fine sand, becoming more sandy towards the top. In the uoper part of this,

almost at its junction with the overlying bed, I found some small broken twigs of

exogenous wood, crushed flat. They were lying well into the bank, between the

undisturbed horizontal layers of the sand, and beyond a doubt belonged to the

period of the formation of the bank. Next is a bed 8 feet thick of dense hard

pressed boulder-clay, more gravelly and sandy than usual. Then follow 5 feet

the back of a mass of the laminated felstone, the laminae of which are parallel to the junction-line

with the sandstone, but turn sharp round at an acute angle, where they abut against another green-

stone dyke, wliich here occupies the opposite or left side of the burn, and which cuts through the

sandstone from S.E. to N.W.
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of very coarse big stones and gravel, much water-worn, and over this 30 to 40

feet of boulder-clay ; the materials of which are less coherent than in any of the

other glens I examined, having less clay and more stones than elsewhere, and this

is a characteristic of the boulder-clay throughout the whole Clachan Glen, a

peculiarity obviously due to certain specialities of the valley itself, affecting the

disposition of the boulder-clay.

At 20 feet above this section, the beds are again well shown ; and there the

great bed of clay is either buried under the talus of debris, or is absent altogether.

At this point a prodigious stretch of the banks is displayed, but too much ruined

to aflford much information. Most of the stones are much water-rolled, but

many of them still retain traces of striation. By far the greatest number of these

are greenstone and felstone porphyry, but the latter, as usual, scarcely ever show

striations. Out of 105 stones distinctly striated, which I counted in this bank,

there were,

—

Greenstone, .....
Knots from the soft red shale.

Laminated felstone, ....
Felstone porphyry, ....
Soft sandstone, .....
Green conglomerate, from the altered carLoiiiferons strata,

Hard, purply, flinty, slatey shale,

Syenite, ......
105 100

About two miles above the bridge, at 300 feet or so above the sea, is a deep

narrow gorge in the valley, where the drift banks are enormous, rising 200 feet

high. The gorge is formed by a great felstone dyke, and the shales which it

has protected. These have made a kind of dam across the mouth of the upper

valley. Both the felstone and the shales crop out in the boulder-clay banks on

the south side of the burn, at various points, at 100 or 120 feet above the burn.

The shales seem to be overlaid by a mass of laminated or banded felstone, which

apparently has spread out from the dyke. This is best seen in a precipice on the

south side of the gorge. The greatest mass of boulder-clay lies on the north side;

and the top of the bank here, for 8 feet, looks like water-sorted clay and sand,

beneath which are some large stones, and below this is boulder-clay. The

boulder-clay banks extend up both the main valley and a side branch, which opens

to the south-east, above the gorge ; but they lose tliere the huge proportions they

have below.

Before concluding this examination of these beds, I think it may be well to

explain why I have so definitely spoken of them throughout, as being composed

of boulder-clay. Of course, I am aware that exception may be taken to this

application of the name, on the ground that these beds present traces of stratifi-

cation, and contain shells. But this objection could at most only apply to the
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particular portion of the clay which is stratified or shell-bearing, and cannot be

held to exclude the great mass of the beds, which, in their heterogeneous stiff

clay mixed with striated stones, present—if not in high development, yet beyond

a doubt—all the characteristics of true boulder-clay. If parts of the beds, then,

must be classed undoubtedly as boulder-clay, the whole must be so called, and the

elevation of mere stratification and the presence of shells into crucial tests of

Avhat is not boulder-clay must be rejected. But, besides this, these beds belong un-

questionably to the glacial period, as is proved by the striated surfaces of the

rock and of the stones, and by the boreal character of the shells. Now, failing

any evidence of the submergence of Arran during the glacial epoch, we may con-

clude that boulder-clay must have been deposited on the island ; and unless it

were true, as it is not, that the boulder-clay has been entirely remade, and that

the existing beds are the mere wrecks of that deposit—then these must just be

the boulder-clay beds of the glacial period.

Such, then, are the facts here presented to us ; and with these facts before us,

it is obvious that we have, to some extent, a record of the history of the land.

How far can we decipher the record ?

Let us start from what we know. In geologically recent times there has been

a glacial period. The existence of roches moutonnees^ of striated surfaces and of

scratched boulders, proves the action of ice on the land. The presence of marine

shells and of water deposits is evidence of the submergence of the land to a con-

siderable depth. Its present state implies its re-elevation. Of these phenomena

enough at least exists in the south of Arran—in the boreal shells, the striated

stones, and the hard chaotic clay—to justify the belief that this district formed

no exception to the general condition of the country ; that any differences here

are due to local circumstances ; and that we may fairly bring the general infor-

mation gathered elsewhere to eke out our knowledge of this district. Assuming,

therefore, that in Arran, as elsewhere, the land was gradually covered by ice, let

us try to conceive the result.

At first snow w^ould accumulate on the hill tops, creeping thence as glaciers

down the valleys. As it grew in depth, it would spread further and further on

the slopes till the whole land was swathed deep in ice. The fact that in our

country all the rock surface at all elevations, with mere local exceptions, is

striated, indicates such an existence, not of glaciers merely, but of a massive ice-

cake, more universal than even in Southern Greenland now. Beneath this ice-

cake the soil, and all of life it supported, would be gradually harried away to the

sea, any traces of it left being nests of debris nitched into corners, ground over

and disturbed in every conceivable way by the ice above. Loose blocks w^ould be

carried off, porners would be rounded—the rock faces and the scrubbing-stones

would be striated—quantities of stones, gravel, sand, and mud would be ground

promiscuously together, and the tendency of the whole mass would be down-
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wards, ever by the steepest and the fastest descent it could find, towards the

valleys and the sea. At the shore the ice-cake would still sink, crushing down,

and yet partly resting on, the debris which lay beneath it, until at a depth pro-

portioned to its thickness it would at last be floated up, forming that flat terrace

along the land known among Arctic travellers as the ice-foot. Beyond t he

ice-foot, we know what occurs in Greenland, and some of the main features are

familiar even to Norwegian travellers : floating icebergs, laden with debris,

driven about by winds and currents,—masses of ice floating up with a thaw, and

bringing up rocks to which they had been frozen, often dropping these again at a

far higher level than their parent bed,—turbid fresh water, ice cold, flowing out

to sea in a shallow stream, destructive of all animal and vegetable life. At the

edge of the ice-foot, a steep bank of tumultuous debris,* shelving down precipi-

tously to a great depth ; beyond this, gravel, sand, and mud irregularly distri-

buted, according to the currents, but in the main a fine mud always present at a

distance ; seaweeds rare, or only locally frequent ; while, from the very edge of

the debris bank, animal life in abundance, but in the tumult of the debris bank

itself only exceptionally present. Such are the phenomena more or less to be

found along all glacial coasts; and such, no doubt, were the phenomena of our

own shores in the glacial period.

This then being so, we are entitled to say—

1. That the material of the boulder-clay is the result of land glaciation. The

enormous debris torn from the abraded surface of the basement rock must have

gone somewhere—the huge boulder-clay heaps must have come from somewhere.

Do not the two fit each other, as the broken masses of a land- slip in the valley fit

the bald rock-face on the hill above ?

But besides this, the shells associated with the boulder-clay are decidedly

boreal in character, and indicate just such a glacial climate as the ice-covered

land implies. The shells, therefore, show that the boulder-clay in which they are

found belongs to the glacial period.

2. The ice covered the land till it was submerged. This certainly implies a

great severity of cold, and an enormous snow-fall, and yet this seems actually to

have been the case. Had it been otherwise ; had the ice-cake begun to Avaste

off the land at the lower levels before these were covered by the sea, we should

probably have found traces immediately on the rock of the debris with which a

glacier is charged, and which, in melting, it would have left behind it. The ice

* I have repeatedly lain on the edge of such a bank, at the mouth of glacier rivers in Norway

—particularly at the Skars Fjord glacier, where nothing but warps would hold us, tlie face of the

bank on which our anchor lay being too steep to afford any hold. Our bows were almost grat-

ing on the shingle, while we had 70 fathoms under our stern, and 83 fathoms, with a fine mud
bottom, at 100 yards distance. The surface water was filthily turbid, bitterly cold, perfectly fresh,

and not above 8 or 9 feet deep, if so much ; below was the clear salt water, sensibly warmer, and

swarmine: with animal life, both fish and mollusks.
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seems rather to have been actually floated ofiP by the sinking of the land ; and the

first deposits thrown down on the bared rock are marine and shell-bearing.

3. The boulder-clay was deposited in the sea. With the moving ice the debris

entangled in it and under it must have been in constant progress seawards, and

could never permanently have come to rest till thrust out into the sea under the

ice-foot. From this consideration alone we might have inferred the deposition of

the boulder-clay under water; but we have more direct evidence, for in Arran,

as in some other places, the boulder-clay contains marine shells in considerable

numbers, and in circumstances indicating that the animals lived and died in the

bed where they now are. Obviously, therefore, the clay in which these are found

was deposited under water. Corroborative proof of this fact is further found in

those beds of stratified sands and clay which are, comparatively, so frequent in

Arran, and which are seen elsewhere wherever an extensive section of the

boulder-clay is visible. These plainly imply the action of water, but of them-

selves, and without the shell beds, would still have left it doubtful whether the

water-action might not have been temporary and lacustrine. The two combined

confirm each other's testimony to the deposition of the boulder-clay in the sea.

4. Though deposited in the sea, the boulder-clay has been compressed by ice.

At the edge of the ice-foot there must have been a growing bank of debris, on

which fresh heaps were constantly emptied. On a free and open slope, in such

circumstances, the mass of course simply rises in height, till, the angle of slope

become too great, the face of the bank breaks, and the upper part slips forward

over the lower. But in the case of the boulder-clay, the massive shelf of ice

above would prevent the free growth of the bank, which, partly under its own
weight, and partly under the pressure of the ice, must constantly have been sub-

siding, to some extent undergoing compression, to some extent yielding inter-

nally and bulging out in front, so as to undergo a complete disarrangement and

confounding of all its component parts, which is one of the characteristic features

of the boulder clay, and of which we may regard the bed shown in Plate XXI.
fig. 4. as an unfinished and transition example. There the pressure has evi-

dently been at once from behind and above, so that the beds have bulged out for-

wards, but the pressure had not been long enough maintained to work the various

beds into one another.

The influence of the massive ice-foot, in working utter confusion in the bank

which lay below it, must have been all the greater from the different conditions

it must have assumed under the ever varying change of the seasons, and those

slower oscillations of rain-fall and temperature, which extend throughout years.

At times it would crush the oozy mass below with an enormous weight, till the

sludge was compressed almost to the solidity of stone. Again, it would be floated

off, and leave space below it for the deposition of stratified sands and clays, in

which even molluscan life might thrive, till a rush of debris, brought down by a

VOL. XXIII. PART III. 7 G
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warmer summer, buried them, or a series of wetter and colder years swelled the

mass of ice so that it rested again with its full weight on the bank, crushing

down its surface, and, as it ground its way over the resisting mass, producing

those "striated pavements" which are well knoAvn as one of the striking features

of the boulder-clay.

5. The boulder-clay contains beds which seem to have been formed on the land.

Such beds as those I have described at pages 528, 531. and 533 certainly give the

impression of their having had a glacier lying directly upon them, and the nature

of the position in which they lie confirms the impression of their having been

thrust into an angle of the strata by the glacier. But whether it be true, as I

believe, for these cases or not, it is obvious that instances of the kind must have

occurred, and are to be looked for in all such corners, and other places of the

basement rock, as could give shelter.

6. The boulder-clay was deposited as the land was subsiding. Of this fact,

the proof which appeals to our senses is the sequence of thebeds. From thesea-

level to 1200 feet they can be followed uninterruptedly, with quite enough of

stratification to leave no doubt that the beds higher above the sea are also higher

stratigraphically, and rest on those below. The other proof, though not so direct,

rests on even a broader and less fallible basis of fact. The mere presence of the

boulder-clay, from the sea-line up to the mountains, implies its deposition during

the subsidence of the land ; for let us suppose the contrary, and imagine that at

some period of the glacial epoch the land previously submerged began to rise.

As each zone of the land successively came to the surface it would be subjected

to the ice and glaciated. So long as the glaciation went on, every particle of soil

would be stripped off" the rock and accumulated at the sea-line ; and when the

glacial period passed away, it would have left our land like a bleached and

ghastly skull projecting from the grave.

This obviously is not the case. The whole country more or less, except only

the higher mountains, is covered with soil, the boulder-clay itself rising to 1100

or 1200 feet at least; and this is exactly what would occur under the other

supposition, that the glaciation of the country, and the deposition of the boulder-

clay, went on as the land was subsiding ; for thus, as Hugh Miller has some-

where shown long ago, the sea would protect the boulder-clay from the ice,

while the ice-foot would shelter it from the surf, and only when the ice was

gone would the higher level beds be so far wave-beaten and eroded as to supply

a coating of soil to the bare rock of the hill tops, and the higher mountain

summits alone would be left in the nakedness of broken and weathered rock

which characterises them. And here, if adaptation of means to an end be a

proof of design, we have a marked evidence of the work of God preparing the

earth for man's habitation.

7. The subsidence extended from the present sea-level, and ultimately reached
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1100 or 1200 feet at least. The striated surfaces (indicative of ice) at the pre-

sent sea-level prove that the land, during the boulder-clay period, stood at least

no lower than it does now, and the presence of the boulder-clay—a sea deposit as

we have seen—proves that to a height of 1100 or 1200 feet the sea rose over the

land. There is indeed some evidence that during the glacial period the land

stood higher than now, and still better proof exists, in Wales especially, that

the depression extended to not less than 1400 feet ; but I confine myself now to

the evidence afforded by the Arran beds.

8. The subsidence was probably continuous not oscillatory. Of course there

may have been oscillations here, as there have been, in recent times, at Naples

and elsewhere ; but, so far as I know, no evidence exists of such oscillations

occurring during a protracted and long-sustained process of subsidence and

upheaval : and certainly no trace of such irregularity has yet been found in

connection with the movements of our country during the glacial period. At

the same time it is not very obvious by what evidence such oscillations, during

the deposition of the boulder-clay, could be established. Still, in the absence of

any strictly analogical case, we may consider that the subsidence of the land

here was continuous.

9. The subsidence was gradual. As this opinion is opposed to that which I

held when I read this paper to the Society, it is right that I state somewhat fully

the grounds on which it rests.

The depression of the land might take place by a succession of sudden jerks

or leaps, with long intervals of rest, or by a slow, steady subsidence, as is the

case at present in Greenland.*

In the former case, the ice-cake would be floated off the land as it sank, and

between the top of the boulder-clay bank on which it had been resting, and the

new ice-foot, there would be a zone of bare rock perpendicularly equal to the

amount of the subsidence, but which, in the flatter districts, would be of con-

siderable extent horizontally. Along the upper edge of this zone, at its junction

with the ice, the boulder-clay bank would again begin to form, but all its lower

expanse would lie too remote from the supply of debris to be thus covered. The

glacier streams, however, floating out to sea on the surface of the salt water,

would gradually drop on it the detritus with which they are always charged,

and a bed of stratified sand and clay by degrees would overspread the bare rock,

till the growing mass of boulder-clay buried it. Now in Arran, as I have men-

tioned, I found several cases of just such a bed resting directly on the rock, and

buried beneath the boulder- clay ; and the inference seemed to me a fair one, that

these beds indicated a sudden subsidence of the land at that point. I still believe

I,
them to indicate the remoteness of the ice-cake at the time of their deposition,

* Such jerks must of course be supposed considerable, since, if minute, the subsidence in this

i way would practically be slow and steady as in the other.
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but I no longer think that remoteness of the ice due to sudden subsidence. Had

it been so, the basement-bed of sand and clay would have run round our whole

coast pretty much at the same level. But this is not true, even for Arran. The

stratified beds, therefore, on the basement rock must, where they exist, be

accepted merely as local phenomena, and be therefore explained by local causes,

connected probably with those banks of eruptive rock which lie across the valleys,

and Avhich must have interfered with the free motion of the ice.

Thus, in the absence of any evidence of a sudden depression we accept the

other alternative of steady gradual subsidence, during which each separate level

must in turn have formed the shore line and lain at the edge of the ice foot, and

have received the glacial detritus—the coarse red clay and stones which the ice

and its accompanying streams were bringing down—while the finer detritus

would be spread as stratified sands and gravels over the boulder-clay beds

already deposited.

10. Was the subsidence rapid ? A question I rather ask than answer. If

the mass of the boulder-clay suggest long-continued formation, the comparative

rarity of interstratified beds, and the merely local development of the overlying

beds of sand and clay—though perhaps capable of explanation on other grounds

— still seem to point to such a steadiness of climate and of currents as is hardly

compatible with a very lengthened duration of the glacial epoch ; and in this

case the huge mass of the glacial debris would be the result of an enormous

development of the ice-cake, which tallies well enough with various known facts.

On the whole, this point must be considered doubtful, and its determination is

probably to be sought from a careful examination of the larger shell-beds, the

layers of life in which may indicate the duration of their development.

11. There has been no general glaciation of the land since its re-emergence.

Had glaciers existed on the land after it rose from the sea, they would certainly

have cleared the upper valleys at least, of boulder-clay, and left nothing but great

transverse moraines, as is the case in Norway. (See Kjerulf on the glacial phe-

nomena of Norway in the Edinburgh New Phil. Journal for July 1863, p. 8.)

Instead of this the boulder-clay thins out gradually upwards, and fringes the

upper valleys as a beach terrace.

12. The existing boulder-clay must represent all ages throughout the whole

glacial epoch ; for so long as the ice-cake was present on any part of the land the

manufacture of boulder-clay went on.

13. There must be drift-beds of sand and clay resting on the boulder-clay,

but truly contemporary with the boulder-clay of a higher level than that on

which they lie. It may not be easy or possible to determine which of these

answer to one another ; but it is obvious, that while the coarser debris from the

land was forming boulder-clay under the ice- foot, a deposition of the lighter

detritus must have been going on from the fresh-water currents that were setting
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seaward, and scattering, first the sand and ultimately the mud, with which they

were charged, on the boulder-clay already spread over the lower levels. Thus

these two beds, the boulder-clay formed under the ice-foot, and the stratified

sands and clays deposited in deeper water, though so different in texture, would

be really strictly contemporary. Of course the determination in any particular

case, of which are the corresponding beds, is now the more difficult task, from

the erosion of the beds at certain points, and their remaniement or remanufacture

in others.

14. We may determine, approximately at least, the relative age of the drift-

beds. Superposition, of course, implies subsequence in time, but this principle

is of very limited application, and will not avail for the comparison of the

boulder-clay in different districts. If, however, the boulder-clay was deposited

under the ice-foot as the land was subsiding, the sea-level affords us a standard

of comparison for the boulder-clay beds over the whole country. Allowing for

possible differences in the thickness of the ice-foot, which would be deeper of

course in the valleys than on the hill faces, and deeper also in a mountainous

than in a flat region, all boulder-clay beds are contemporary which rest on the

basement rock at the same level above the .sea ; and of two beds at different

levels that is the older which lies on the rock nearest the sea-level.

15. Since the boulder-clay period there has been no material change of any

kind on the basement rock of the country.

Such changes might have occurred in three ways. In the process of subsidence

and re-elevation the whole face of the land might have been remodelled, and

hill and valley have changed places. Such a change, or something like it, has been

asserted even by so eminent an authority as the great German geologist Naumann.

(See Geognosie, vol. i. p. 249.) But in our drift-beds we have casts made of our

valleys as they sank under the sea, and these casts show that what are valleys

now were valleys then ; in other words, they assure us that the subsidence and

re-elevation of the land has not been accompanied by any such protrusion of one

part of the coast above another, or of the interior above the coast line, as to

affect the relative contours of hill and valley.

Another form of change is that on the river beds, the erosion of which is

generally attributed to existing streams ; whereas in Arran we find that the

burns are only now beginning to lay bare the rock which underlies the boulder-

clay. If, then, making all allowance for the slight erosive power of such small

streams, they have yet done so little here against sands and clays, how much
less elsewhere against solid rock. They seem, in fact, to be only now beginning

to occupy the old river-beds formed long ago under the ice, and in part even

earlier.

The third change which has been often asserted, consists in the erosion of

the older and present coast-lines by the sea, upon which calculations have even

VOL. XXIII, PART III. 7 H
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been founded to determine the length of time during which the sea stood at the

forty-foot terrace-line, and so on. Now, admitting the obvious fact of the

destruction of the rock at many points of our present sea-line, it yet appears that

on the whole the influence of the sea in modelling the land in recent times has

been very small. In a great many cases it has not so much as penetrated the

boulder-clay ; and even where that has been washed away, as in the coast of the

Little Cumbrae, figured and described by Mr Smith of Jordan Hill, in his " Newer

Pliocene Geology," p. 144, the striations of the rock remain with wonderful fresh-

ness. From all this it is obvious that the terrace lines of the basement rock are

not due to the action of the present sea, but were given to it previous to its sub-

mergence.

In short, we find that all the latest geological changes, with their accompani-

ment of river and sea-action, have not materially modified the face of the country

—the rock skeleton of which was moulded finally under the glacial epoch.*

List of the Shells found in the Ahran Beds, with the Depths at which they live on

OUR OWN AND THE NORWEGIAN COASTS, AS GIVEN BY FORBES AND HaNLEY, AND BY

Danielsen.

Name.

Balanus crenatus.

]

Panopoea norwegica.

Tellina balthica, (a brackish variety of

Solidula.)

Cyprina islandica.

Astarte elliptica.

arctica.

compressa.f

striata (a variety of compressa
.)

British.

Deep water to 50 fathoms.

Deep water to 90

Shore.

5-80
10-40

80 (dead)

7-70

Norwegian.

Not known living.

20-60 fathoms.

20-40 „

20-60
10-80 „

10-40

* I cannot let this paper go without expressing my obligations for much information and many
suggestions to my friend Mr Geikie's valuable paper on the Phenomena of the Drift. I am grati-

fied to agree with him on the land origin of the material which constitutes the boulder-clay, and on

the subsidence of the land during the formation of the boulder-clay. On some other points, too, I

think we are not very far from an agreement, though I fear we differ fundamentally on many of the

most important.

f I only found one specimen of this species. The shells were partially crushed, but the two

valves were united, and retained both epidermis and ligament. Mr Searles Wood, who was good

enough to examine it for me, says it is one he does not recognise. Mr S. P. Woodward, who has

also taken the trouble of looking at it, considers it an unusually large A. compressa of the variety

striata. It is one-third larger than even the excessively large specimens of the species from the

Red Crag, figured by Mr Searles Wood in his Bivalves of the Crag.

—

{Pal. Soc. Fab., vol. ii. p.

184, pi. 16, fig. 8, a and c.)



IN THE SOUTH OF AERAN. 545

List of thi S HELLS FOUND m THE ArRAN BeDS, &C.—'Continued.

Name. British. Norwegian

n i J f Si/n. Lucina.
LryptOQon -{ </ , .

•"^ [ byn. Axinus. }
Sarsii. 20-180 fathoms.

Modiola modiolus. 0-60 fathoms. Shore.

Leda {syn. Yoldia) pygmzea. 25-40 30-140
5»

pernula.
{

35-160 Macandrew, 1

N..E. Atlantic. J
" 10-140

»)

Pecten opercularis. 5-100 30-50
*)

islandicus. 35-100 (dead.) 10-60

Shore,

tl

Litorina litorea. Shore. „
Turritella communis. 4-100. 10-30 »»

Natica. Species not determinable.

Description of Plates.

Plate XXI.

All this is purply and red

like the shale-rocks of

the district.

Fig. 1. Lower part of Torlin Water seen from the east, 450 ft. above the sea, to show the contours

of the land, the clothing of boulder-clay, and the way in which the burn-course is cut

through it. The banks in the burn-course are from 60 to 120 ft. high. (P. 524-528.)

Fig. 2. Bed of various clays, &c,, in the Torlin Burn, below the church, (P. 528.)

1. Small gravel and minute angular stones, 3 inches.

2. Fine clay with angular stones in upper corner, 2 inches.

3. Sand, 3 inches.

4. Clay with stones, 3 inches.

5. A nest of gravel, 3 inches.

6. Sand, 4 inches.

7. Fine yellowish sand, 3 inches,

8. Fine reddish sand and clay, without stones, 6 inches.

9. A nest of gravel, 3 inches.

10. Sandy clays distinctly laminated, and slightly varying in texture; dipping under next

bed, No. 11 at 75°
; shells found in this, 8 inches,

11. Vei-y dense, dark, coarse boulder-clay, with few stones, and slightly stratified; shells

found here, 6 or 6 feet.

12. Layer of large stones and coarse gravel, 1 foot.

13. Boulder-clay.

Fig. 3. Great shell-bearing banks in the Cloinoid Burn-course, 80 to 100 feet high. The upper part

gxass-grown. The centre being obscured by debris is omitted. (P. 529.)

Fig. 4. A bed of sand overlaid by boulder-clay. The whole subjected to a forward thrust under

pressure. (P. 530.)

j

Fig. 5. Immense boulder-clay bank on the Cloinoid Burn, 140 feet high; in many places perpendi-

cular; with shells. In the centre of the bank, the rock crops out. (P. 530.)

Fig. 6. BasinintheCloinoidBurn-course, to the contours of which the boulder-clay conforms. (P. 531.)

Fig. 7.\These should go together, as they show the same beds, and are nearly continuous, 100 yards

Fig. 8. j only intervening. They both occur at the lower end of the basin, shown in fig. 6.
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Fig. 7. Shows at the bottom a bed formed under a glacier. To the left it is overlaid by the boulder-

clay, which to the right has been eroded, and the glacier-bed here is overlaid by a layer of

large stones. (P. 631.)

Plate XXII.

Fig. 8. At the bottom, the same glacier-formed bed overlaid to the right by boulder-clay ; to the

left, both the glacier-formed bed and that of boulder-clay seem to have been eroded, and

a mass of stones and gravel, like that in fig. 7, but thicker, lies on the hard glacier-bed.

(P. 532.)

Fig. 9. Bed, 100 feet high, in Crogcrever Bum-course, just above its junction with the Slaodrigh

Burn. (P. 532.)

Fig. 10. Gorge in Crogcrever Burn, the west side being formed by the rock, the east side by the

boulder-clay lying down the dip of the strata. (P. 533.)

Fig. 1 1 . Bed of hard yellow clayey gravel, lying in behind a barrier of felstone. The bum has

partly cut in between the rock and the bed, but in the distance in the fig., has turned to

the right, and cut through the bank. (P. 533.)

Fig. 12. The same bed further up the burn, with overlying beds. (P. 533.)

1. The hard yellow clayey sand or gravel, with a huge striated greenstone boulder

sticking in it. This bed is laminated, but not stratified on its upper surface to the

left.

2. Overlying 1. Red boulder-clay, with a large boulder sticking in it, but projecting

above its surface into

3. Coarse sand, 10 feet thick in parts.

4. Very large stones, 3 feet.

5. Fine light-coloured sand, 6 inches.

6. Earth.

Fio-. 13. The same bed still further up the burn, and just below the felstone rock. To the left, in

the burn-course, is boulder-clay. Underlying this is the hard yellow clayey gravel here

much discoloured, and containing heather stalks. Above this is debris, with boulder-elay

showing atop. (P. 534.)

Fig. 14. Beds in Clachan Glen, 20 feet high. At the bottom is a talus of debris. Above this, to

the left, a face of the shale-rock, 2 to 3 feet high. Lying up on this to the right, 2 feet

the dense gravel. Overlying this bed, and to the left lying directly on the shales (which

have been stripped there of the dense gravel), 3 feet of large stones ; then 2 feet fine sand.

Earth atop. (P. 535.)

Fig. 15. Great banks in Clachan Glen, (P. 535.)

1. Hard gravelly clay, 15 feet.

2. Looser stones and gravel, 4 feet.

3. Dense finely laminated clay Avith fine sand, becoming more sandy towards the top,

containing twigs, 15 feet,

4. Dense hard boulder-clay, 8 feet.

5. Big stones and gravel, 5 feet.

6. Boulder-clay or drift, 30 to 40 feet.
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XL.

—

On the Principal Deities of the Rigveda* By J. Mum, Esq.,

D.C.L., LL D.

(Read 7th March 1864.)

In the paper which I had the honour to read before the Society last winter, I

stated the reasons, drawn from history and from comparative philology, which

exist for concluding that the Brahmanical Indians belong to the same race as the

Greek, the Latin, the Teutonic, and other nations of Europe. If this conclusion

be well-founded, it is evident that at the time when the several branches of the

great Indo-European family separated to commence their migrations in the

direction of their future homes, they must have possessed in common a large

stock of religious and mythological conceptions. This common mythology

would, in the natural course of events, and from the action of various causes,

undergo a gradual modification analogous to that undergone by the common
language which had originally been spoken by all these tribes during the period

of their union; and, in the one case as in the other, this modification would

assume in the different races a varying character, corresponding to the diversity

of the influences to which they were severally subjected. We shall not, there-

fore, be surprised to find that even the oldest existing mythology of the Indians

differs widely from the oldest known mythology of the Greeks, any more than

we are to find that the Sanskrit in its earliest surviving forms is a very different

language from the earliest extant Greek, since the Vedic hymns, the most primitive

remains of Sanskrit poetry, date from a period when the two kindred races had

been separated for perhaps above a thousand years, and the most ancient monu-

ments of Greek literature are still more recent. Yet, notwithstanding this long sepa-

ration, we might reasonably anticipate that some fragments of the primitive Indo-

European mythology should have remained common to both the eastern and the

western branches of the family; while, at the same time, we should, of course,

expect that such traces of common religious conceptions would be more distinctly

* This essay contains the substance of a series of papers either already communicated, or in-

tended to be communicated, to the Royal Asiatic Society of Great Britain and Ireland, in which the

same subject is treated in greater detail, and with numerous references to the original passages of the

Rigveda. For further information on the gods of the Veda, reference may also be made to Profes-

sor H. H. Wilson's prefaces to the three volumes of his translation of the Rigveda ; to Professor

Rudolph Roth's papers, " Die Sage von Dschemschid," and " Die hbchsten Gbtter der Arischen
Vblker," in the Journal of the German Oriental Society, vols. iv. and vi. ; to the paper by the same
author " On the Morality of the Veda, " and the account of the " main Results of the later Vedic
Researches in Germany," by Professor Whitney, in the third volume of the Journal of the American
Oriental Society ; and to Professor Max Miiller's " Histoi-y of Ancient Sanskrit Literature," and his

"Essay on Compai-ative Mythology," in the Oxford Essays for 1856. The sketches of Rudra and
Vishnu given in this paper are abridged from the fuller accounts of those gods in my " Sanskrit

Texts," vol. iv.

VOL. XXIII. PART II. 7 I



548 MR J. MUIR ON THE PRINCIPAL DEITIES OF THE RIGVEDA.

perceptible in the older than in the more recent literary productions of the several

peoples. And such, in point of fact, turns out to be the case. The mythology of

the Veda does exhibit in some points a certain similarity to that of Homerand

Hesiod, and the mutual resemblance between the religious ideas of those ancient

works is, upon the whole, greater than that existing between the later Indian and

the later Greek pantheons. I say that, upon the whole, the older Indian mytho-

logy coincides more nearly with the Greek than the later Indian mythology

does. But, on the other hand, the later Indian system presents some points of

resemblance with the Greek which the Vedic system does not exhibit. I allude

to the fact that we find in the Indian epic poems and Puranas a god of the sea, a

god of war, and a goddess of love, who are unknown to the oldest parts of the

Veda, and yet correspond in a general way to the Poseidon, the Ares, and the

Aphrodite of the Greeks. Personifications of this sort may, however, be either

the product of an early instinct which leads men to create divine representatives

and superintendents of every department of nature, as well as of human life and

action ; or they may arise in part from a later process of reflection which conducts

to the same result, and from a love of systematic completeness which impels a

people to fill up any blanks in their earlier mythology, and to be always adding

to and modifying it. Resemblances of this last description, though they are by

no means accidental, are not necessarily anything more than the results of similar

processes going on in nations possessing the same general tendencies and char-

acteristics. But the older points of coincidence between the religious ideas of the

Greeks and the Indians, to which reference was first made, are of a different

character, and are the undoubted remains of an original mythology which was

common to the ancestors of both races. This is shown by the fact that, in the

cases to which I allude, it is not only the functions, but the names, of the gods

which correspond in both literatures.

But the value of the Vedic mythology to the general scholar does not consist

merely in the circumstance that a few religious conceptions, and the names of

two or three deities, are common to it with the Greek. It is even more important

to observe that the earliest monuments of Indian poetry, consisting, as they do,

almost exclusively of hymns in praise of the national deities, and being the pro-

ductions of an age far anterior to that of Homer and Hesiod, represent a more

ancient period of religious development than we discover in the Greek poets, and

disclose to us, in the earliest stages of formation, a variety of myths which

a few centuries later had assumed a fixed and recognised form* It is also to be

noticed that, from the copiousness of their materials, the hymns of the Rigveda

supply us with far more minute illustrations of the natural workings of the

human mind, in the period of its infancy, upon matters of rehgion than we can

* See Professor Max Muller's essay on " Comparative Mythology," in the Oxford Essays for

1856, p. 47.

I
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find in any other literature whatever. From their higher antiquity, these Indian

hymns are also fitted to throw light on the meaning of a few points of the Greek

system which were before obscure. Thus, as we shall see, the Indian Dyaus (sky,

or heaven) explains the original meaning of the Greek Zeus, and the Sanskrit

Varuna gives a clue to the proper signification of Ouranos.

As in my former paper I stated the grounds on which the Vedic hymns are

assumed to have been composed at a period considerably more than a thousand

years before our era, I shall here take their great antiquity for granted, and pro-

ceed to give some account of their cosmogony and mythology.

To a simple mind, reflecting in the early ages of the world with awe and

wonder on the origin of all things, various solutions of the mystery might

naturally present themselves. Sometimes the production of the existing universe

would be ascribed to physical, and at other times to spiritual, powers. On the

one hand, the speculator, perceiving light and beauty emerge slowly every

morning out of a gloom in which all objects had, shortly before, appeared to be

confounded, might conceive that in like manner the brightness and order of the

world around him had sprung necessarily out of an antecedent night in which

the elements of all things had existed together in undistinguishable chaos. Or,

on the other hand, contemplating the results effected by human energy and

design, and arguing from the less to the greater, or, rather, impelled by an

irresistible instinct to create other beings bearing his own likeness, but endowed

with higher powers, he might feel that the well-ordered frame of nature could

not possibly have sprung into being from any blind necessity, but must have

been the work of a conscious and intelligent will. In this stage of thought,

however, before the mind had risen to the conception of one supreme creator and

governor of all things, the various departments of nature were apportioned

between different divinities, each of whom was imagined to preside over his

own special domain. But these domains were imperfectly defined. One blended

with another, and might thus be subject in part to the rule of more than one

deity. Or, according to the various relations under which they were regarded,

these several provinces of the creation might be subdivided amongst a plurality of

divinities, or varying forms of the same divinity. These remarks might be illus-

trated by numerous instances drawn from the Vedic mythology. In considering

the literary productions of this same period, we further find that as yet the differ-

ence between mind and matter was but imperfectly conceived, and that although

in some cases the distinction between some particular province of nature and the

deity who was supposed to preside over it was clearly discerned, yet in other

instances the two things were confounded, and the same visible object was at

, different times regarded diversely as being (1) either a portion of the inanimate

universe, or as (2) an animated being and a cosmical power. Thus in the Vedic

hymns the sun, the sky, and the earth are severally considered sometimes as
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natural objects governed by particular gods, and sometimes as themselves deities

who generate and control other beings.

The varieties and discrepancies which are in this way incident to all nature-

worship are, in the case of the Vedic mythology, augmented by the number of

the poets by whom it was moulded, and the length of time during which it con-

tinued in process of formation. The Rigveda consists of more than a thousand

hymns, composed by successive generations of poets during a period of many

centuries. The authors of these hymns give expression not only to the notions of

the supernatural world which they had inherited from their ancestors, but also

to their own new conceptions. In that early age the imaginations of men were

peculiarly open to impressions from without ; and in a country like India, where

the phenomena of nature are often of the most striking description, such specta-

tors could not fail to be overpowered by their influence. The creative faculties of

the poets would thus be stimulated to the highest pitch. In the starry sky in

the dawn, in the morning sun scaling the heavens, in the bright clouds floating

across the air and assuming all manner of magnificent and fantastic shapes, in

the thunder, lightning, rain and tempest, they beheld the presence and agency of

different divine powers, propitious or angry. In the hymns composed under any

such influences, the authors would naturally ascribe a peculiar or exclusive

importance to the deities by whose energy the phenomena appeared to have been

produced, and would celebrate their praises with proportionate fervour. Other

poets might attribute the same natural appearances to the action of other deities,

whose greatness they, in like manner, would extol; while others again would

devote themselves to the service of some other god, whose working they seemed

to witness in some other department of creation. In this way, while the same

traditional divinities were acknowledged by all, the power, dignity, and functions

of each several god might be differently estimated by different poets, or, perhaps,

by the same poet, according to the external influence by which he was awed or

inspired on each occasion. In such circumstances, it need not surprise us if one

particular power or deity is in one place put above, and in another place sub-

ordinated to, some other god ; is sometimes regarded as the creator, sometimes as

the created. This is illustrated in the case of the first Vedic divinities, to whom
I shall refer—viz., Heaven and Earth.

Dyaus and. Prithivi.

It has been observed by a recent French writer, that " the marriage of Heaven

and Earth forms the foundation of a hundred mythologies." * According to the

Theogony of Hesiod (116 ff.), the first thing that arose out of chaos was "the

broad-bosomed Earth, the firm abode of all things." She in her turn "produced

the starry Heaven (Ouranos), co-extensive with herself, to envelope her on every

* Albert Reville, Essais dc Critique Religieuse, p. 383.
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part." From the union of these two powers sprang Oceanos, Kronos, the Cyclopes,

Rheia, &c. (132 &.) ; and from Kronos and Rheia again were produced Zeus, Here,

and other deities (453 ff.)-

The Rigveda (which is, as I have already intimated, the earliest source of infor-

mation regarding the religion of India) contains no uniform or consistent system

of theogony or cosmogony. But in numerous passages Heaven and Earth (Dyaus

and Prithivi) are spoken of together as the parents of all things ; and several

separate hymns are dedicated to their honour. They are characterised by a pro-

fusion of epithets, not only of such a kind as are suggested by their various phy-

sical characteristics, vastness, breadth, profundity, productiveness, but also by

others of a moral or spiritual nature, as innocuous, or beneficent, promoters of

righteousness, and omniscient. In the Veda we are not told, as we are in the

system of Hesiod, which of the two, Heaven or Earth, was the older. On the

contrary, one of the ancient poets seems to have been perplexed by the difficulty

of this question, as at the beginning of one of the hymns (i. 185) he exclaims,

" which of these twain was the first, and which the last ? How were they pro-

duced ? Sages, who knows ? " Besides being described together in the dual as the

" parents," Heaven and Earth are separately spoken of in various passages, the

one as the father, the other as the mother, as in vi. 51, 5—" father Heaven,

benignant mother Earth, brother Agni, and ye Vasus, be gracious to us."

I must here remark, by the way, that the words which stand in the original of

this verse for father Heaven, or rather Heaven father, viz., Dt/ausJi pita?-, answer

exactly to the zsis crar^g of the Greeks, and the Diespiter of the Latins, though, as

is well known, Zeus is not in the Greek mythology, as he is in the Indian, iden-

tical with the primeval Heaven, the father of all things, but is his grandson
;

while again, the Indian god, who corresponds in name, and also in some points in

character, with the Greek 'ou^am, is Varuna, who, however, as we shall by and by

see, differs from 'ou^aws in various respects.

The word Prithivi, on the other hand, which in most parts of the Rigveda is

used for Earth, has no connection with any Greek word of the same meaning. It

seems, however, originally to have been merely an epithet, meaning "broad;"

and may have supplanted the older word go, which stands at the head of the

earliest Indian vocabulary, as one of the synonymes of Prithivi (earth), and which

closely resembles the Greek vara, or r^. In this way Gau?' mdtar may have once

corresponded to the r^ fi-^r-n^ or ^n^rr,^ of the Greeks.

This designation of the Earth—the prolific source of all vegetable products,

and the home of all living creatures—by the epithet of mother, is perfectly

natural, as is proved by comm^on usage. This is remarked by Lucretius in

various passages,* (referred to by Professor Sellar in his " Roman Poets of the

* De Rerum Natur^, ii. 991 ff. ; 998 ff. ; v. 793 ff. ; 799 ff. ; 821 ff.
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Republic," pp. 236, 247, 276), in which the poet says, that the Earth " has de-

servedly received and retains the name of mother." The Greek poets also, as

Hesiod, ^Eschylus, and Euripides, speak in like manner of the Earth as the uni-

versal mother and nurse.* In like manner Tacitus (Germania, 40) tells us that

certain of the German tribes " worshipped, in common, Ertha,| that is, mother

earth, and imagined her to interfere in the affairs of men, and to move about

among them in a covered car." And the conception of the Heaven as the father

of all things is also, though in a less degree, a natural one, and is noticed by

Lucretius where he says (ii. 992), that "We have all the same father, the Heaven,

from whom the bounteous Earth receives that moisture by which she is rendered

fruitful." The same idea may be obscurely implied by Diodorus Siculus (i. 7), where

he says, that, in the opinion of some speculators, " heaven and earth had, accord-

ing to the original constitution of things, but one form, the natural properties of

the two being blended ; but that afterwards, when the body of the one had become

separated from that of the other, the world assumed that regular order which we

now Avitness." And further on he adds :
" And in regard to the nature of the

universe, Euripides, who was a disciple of Anaxagoras, the physical philosopher,

does not appear to have differed from the views which have been stated. For

in his Melanippe he lays it down that ' The heaven and the earth were of one

form ; but when they became separated from each other, they produced all things

and introduced them into the light,—trees, birds, beasts, the offspring of the

deep, and the race of mortals.'"

But the Rigveda regards Heaven and Earth as the parents not only of men,

but also of the gods, as appears from the epithet deva-putre, viz. " the twain who

have gods for their children," which is applied to them in various passages.

On the other hand, however, these two divinities, Heaven and Earth (as I

have above intimated), exemplify the general remark already made, that the Vedic

deities are constantly appearing in opposite characters,—sometimes as supreme

and as creators, at other times as subordinate and created. In many places

Heaven and Earth are said to owe their existence and support to the gods, some-

times to one, and sometimes to another.! In one passage (i. 160, 4) it is said

* Hesiod 0pp., 561, yrj -iravruv fiyjrng. jEschylus, Prom. 90 TU/i/j^i^roo ri yrj; Sept. cont. Thebas,

16, y^ Ti /MTiT^i, ftXroLTri T^ofSj. Euripides, Hippol., 601, w youa firrri^ riXiov t ui/a-rv^ui . Compare also

the name of the goddess Demeter, an old form of Ge meter. (See " Liddell and Scott'^s Lexicon," s. v.)

Diodorus, i. 12, says that the Egyptians, " conceiving the earth as a sort of receptahle of things in

course of production, had designated her as mother; and that the Greeks had, in like manner,

called her Demeter, the form of the word being slightly changed through time ; since she tvas in

ancient times named Ge Meter (Earth Mother), as Orpheus testifies when he says :
' Earth (Ge) is

the mother of all, Demeter, the wealth-bestowing.'"

f Ertham. is Ritter's emendation, the common reading being Nerthun. (Compare Ritter's note

on section 9 of the Germania.)

J In Rigveda, x. 54. 3, Indra is said to have created the father and the mother (Heaven and

Earth) from his own body.
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(and though the words seem to be meant as eulogistic of Heaven and Earth, they

also affirm their creation), " He was the most skilful of all the skilful gods, who

produced, who meted out, Heaven and Earth, and established them with unde-

caying supports." In other places, Heaven and Earth are said to bow down, to

tremble, to be disturbed, at the presence of particular deities. In several hymns

we find various speculations about their origin. One as to their respective priority

has been quoted above. In another passage (x. 31, 7), the poet asks—" What was

the forest, what was the tree, from which they fashioned Heaven and Earth ?

"

In another hymn (x. 81, 3), the creation of the worlds is ascribed to the sole

agency of the great Architect Visvakarman, who is also (x, 82, 3) called the

father, the generator, the disposer, who knows all spheres and worlds, and gave

names to the gods; but here, too, the same question is asked, as to whence

the wood came of which Heaven and Earth were constructed, and other ques-

tions are put, which show the sense of awe and mystery with which the poet was

oppressed.

Elsewhere (in a hymn, x. 129, quoted in the paper which I read before the

Society last year), it is said that formerly there was neither non-existence nor

existence, neither death nor immortality, neither night nor day. Nothing existed

but the One, in whom love or desire arose, which was the first germ of mind,*

and led to all further development. " Who can tell " (the poet proceeds) " whence

this creation arose ? The gods are subsequent to its production : Who then knows

whence it sprang ? He who in the highest heaven is its ruler, he knows, or per-

haps not even he."

The Vedic Gods in general.

The gods (to whom I now pass) are sometimes said to be thirty-three in

number, eleven belonging to each of the three spheres into which the universe is

usually divided in the Rigveda, Heaven, Earth, and the region intermediate be-

tween the two. As we have already seen, these deities are occasionally described as

being the progeny of Heaven and Earth ; and in the passage just quoted, they are

expressly afiirmed to have come into existence subsequently to the creation of the

world. In the Rigveda they are constantly spoken of as immortal ; but in the

later mythology, at least, their immortality is regarded as merely relative, since

* The part here assigned to love or desire (Kama), in the creation, corresponds, as the classical

scholar will have noticed, to the position of Eros in the Greek mythology. Hesiod (Theog. 120)

makes this deity coeval with Gaia and Tartarus, and prior to Ouranos. (See " Smith's Diet, of Greek

and Roman Biogr. and Myth." under the art. Eros, and the passages of Aristotle, Plato, and Aristo-

phanes, there referred to.) In the Satapatha Brahmana, and other similar works, the creative acts

of Prajapati are constantly said to have been preceded by desire. In the Atharva Veda, Kama is

distinctly personified as the god of desire in general, and as of love in particular; and his darts are

' there spoken of (iii. 25, 1 ff.) just as they might be by a Greek, or by a modern, poet :
" I pierce

thee in the heart with the terrible arrow of love (Kama). May Love pierce thee in the heart, having

beat his shaft winged with anxiety, pointed with desire," &c.
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they are considered to perish, as far as regards their corporeal organisation, at

every periodical dissolution of the universe. Their souls, however, like those

which animate all other living creatures, from Brahma to a plant, are, according

to later theories, imperishable. In the Rigveda a specific origin is ascribed to

many of the deities, as, for instance, to the important class called the Adityas,

including Varuna, Mitra, and others, who are all regarded as the sons of Aditi.

Indra, too, is in several places spoken of as having both a father and a mother.

In the Brahmanas, the gods are regarded as having been originally mortal,

and many discrepant stories are told of the way in which they acquired the pre-

rogative of immortality.

Aditi.

It is not very easy to define the character of Aditi, the goddess whom I

have just alluded to as the mother of Mitra, Varuna, and the other Adityas.

In the old Indian -vocabulary, the Nighantu, she is identified with Prithiv'i, the

earth ; and some of the epithets assigned to her in the Rigveda, such as " the

widely-extended," "the supporter of creatures," "the friend of all men," would

agree with this supposition. Some others of her designations, however, as " the

luminous," appear to be more appropriate to the sky; and in various passages

Aditi seems to be distinguished from the earth. Perhaps she may best be con-

sidered as a personification of universal nature, with which, in the following

remarkable verse (i. 89, 10), she is in fact identified : "Aditi is the heaven; Aditi

is the intermediate firmament ; Aditi is mother, and father, and son ; Aditi is all

the gods, and the five tribes of men ; Aditi is whatever has been born ; Aditi is

whatever shall be born." In another verse (v. 62, 8), she is thus mentioned, along

with another goddess, Diti :

—

" Ye, Mitra and Varuna, ascend your car, and from thence ye behold Aditi and Diti."

From her name, and the manner in which she is introduced, the latter goddess

must be held to stand for something antithetical or supplementary to Aditi. The

two together are meant to represent the whole creation, though it is not very

clear what is the separate idea which each is intended to convey.

In a hymn of the tenth book of the Rigveda, supposed, from its position in

the collection, and from its contents, to be of comparatively late date, the process

of creation is described with greater minuteness than in most other passages,

and the share which Aditi took in it is declared, though not in a very intelligible

way—Rigveda, x. 72, 1, " Let us in chanted hymns celebrate with praise the

births of the gods, any one of us who in this later age may behold them,

2. Brahmanaspati blew forth these births like a blacksmith. In the earliest age

of the gods, the existent sprang from the non-existent. 3. In the first age of the
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gods the existent sprang from the non-existent. Afterwards the regions sprang

from Uttanapad. 4, The earth sprang from Uttanapad ; from the earth sprang

the regions. Daksha sprang from Aditi ; Aditi sprang from Daksha. 5. Aditi

was verily produced, she who is thy daughter, oh Daksha. After her the gods

were born, blessed, partakers of immortality. 6. When, oh gods, ye moved, in

agitation, upon those waters, then a violent dust issued from you, as from

dancers. 7. When, oh gods, ye, like heroes, replenished the worlds, ye drew

forth the sun, which was hidden in the (sethereal ?) ocean. 8. Of the eight sons

of Aditi, who were born of her body, she approached the gods with seven, and

cast out Marttanda, the eighth. 9. With seven sons Aditi approached the former

generation. She again produced Marttanda for birth as well as for death."

It will have been observed, that in the fourth verse of this hymn, Daksha is

said to have sprung from Aditi, and reciprocally, Aditi from Daksha. The old

Indian expositor Yaska (Nirukta, x. 23), thus attempts to explain this circum-

stance, which had struck him as very strange :
—" Daksha is, they say, a son of

Aditi, and is celebrated among the sons of Aditi. And yet Aditi, on the other

hand, is the daughter of Daksha, according to the text, ' Daksha sprang from

Aditi, and Aditi sprang from Daksha." How can this be possible ? In this way,

viz., that they may have had the same origin; or, in conformity with the nature

of the gods, they may have been born from each other, and have derived their

substance from each other."

Varuna and Mitra,

The most famous of the sons of Aditi are Varuna and Mitra, who are very

frequently associated with each other in the Rigveda. I have already stated

above, that Varuna corresponds in name to the 'Ou^amg of the Greeks. " Uranos,"

as Professor Max Muller remarks,* " in the language of Hesiod, is used as a

name for the sky ; he is made or born that ' he should be a firm place for the

blessed gods.'f It is said twice that Uranos covers every thing (v. 127), and that

when he brings the night he is stretched out everywhere, embracing the earth, t

This sounds almost as if the Greek mythe had still preserved a recollection of the

etymological poAver of Uranos. For Uranos is the Sanskrit Varuna, and is derived

from a root var to cover, &c." I repeat, however, what I have said above, that

the parallel between the Greek Uranos and the India Varuna does not hold in all

* Oxford Essays for 1856, p. 41.
{ Hesiod. Theog. 126,

—

Tata, hi roi 'tt^utov /jih lyihan leo« iavrri

' Ovouvov aGriooivff , ha, (jav 'ire^i rravTu zaXvTrroi,

" 0(po Bir} iJjaKu^icai ho/g 'ibog aa^paXki aii.

I Il)id. V. 176.

—

'fiXk hi Nuxr i'^rdyuv p.iyag 'Ou^amg. dfj,(pi di Tair\

ifiiUcav (piXoryirog i'/toyiro xni 'g sruviicdrj

VOL. XXIII. PART III. 7 L
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points. Not to insist on the fact, that Varuna is a far more important deity in

the mythology of the Veda than Uranos is in that of Hesiod, there is also this

special difference between the two, that in the Indian- mythology there is no rela-

tion between Varuna and Prithivi, the earth, as husband and wife, as there is

between Uranos and Gaia in Hesiod ; nor is Varuna represented like Uranos as

the progenitor of Dyaus or Zeus, except in the general way in which he is said

(like many of the other Indian deities) to have formed and to preserve heaven and

earth. The original identity of the two gods, however, appears to be not the less

undoubted.
Varuna is also, in the opinion of certain Avriters,* connected, at least, in-

directly, with the Ahura Mazda of the old Persian mythology ; and in support of

this it may be alleged,—(1.) That the name of Asura, the divine being,f is fre-

quently applied to Varuna, as an epithet ; (2.) That the class of Indian gods, called

Adityas, of whom Varuna is the most distinguished, bears a certain analogy to

the Amshaspands of the Zend mythology, of whom Ahura Mazda is the highest •

and, (3.) That a close connection exists between Varuna and Mitra, just as Ahura

and Mithra are frequently associated in the Zendavesta, though the position of

the two has otherwise become altered, and Mithra is not even reckoned among

the Amshaspands. Other scholars, however, think that there is no sufficient

proof of Varuna and Ahura Mazda being connected with one another.

The common origin of the Mitra of the Indian and the Mithra of the Persian

mythology is, however, placed beyond a doubt by the identity of their names.

Accordingly, the late Dr F. Windischmann, in his dissertation on the Persian

Mithra, t regards it as proved that this god was common to the whole primitive

Aryan race before the separation of its Iranian (or Persian) from its Indian

l)ranch; though the conception of his character was afterwards modified by

Zoroastrian ideas. That Mithra was worshipped in Persia in the age of Hero-

dotus is, as Windischmann remarks, established by the currency of such Persian

names as Mitradates and Mitrobates. Herodotus himself (i. 131) speaks of Mitra

not as a god but as a goddess. But Xenophon describes the Persians as swearing

by the god Mitra. And Plutarch, in his treatise on Isis and Osiris, chapter xlvi.,

tells us that Zoroaster conceived of Mithra as standing between the deities

Oromazes, the representative of light, and Areimanius the representative of dark-

ness and ignorance. I need not further refer to the Persian Mithra, the ultimate

introduction of whose worship into the west, in the time of the Roman Emperors,

is matter of history.

* Roth in the Journal of the German Oriental Society, vi. 69 f. ; Whitney in the Journal of

the American Oriental Society, vol. iii. p. 327.

•]• A name identical with the Zend Ahura, as the letter s of Sanskrit words is always represented

by h in Zend.
+ Abhandlungen fiir die kunde des Morgenlandes. Mithra, ein Beitrag zur Mythengeschichte

des Orients. Leipzig, 1857.
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I return to the Mitra and Varuna of the Rigveda. The frequent association

of these two gods is easily explained, if the Indian commentators are right in

determining that Mitra is the sun, or the deity who presides over the day, while

Varuna is the god who envelops everything in darkness, and rules over the

night. In one text of the Rigveda, it is said of the latter that he " embraces the

nights, and by his wisdom establishes the day, and does every thing perfectly."

On this Indian interpretation, Professor Roth makes the following ingenious

remarks:*—"Though such representations, as expressed in Indian exegesis, are

far too narrow and one-sided, they nevertheless contain a certain amount of

truth, and we may guess by what process they are to be developed. If Varuna

is, as his name shows, the Aditya whose abode and whose sphere of authority is

the bright heaven, in whose bosom is embraced all that lives ; and if, therefore,

he forms the remotest boundary, beyond which human thought can seek nothing

further, then is he also one who can hardly be attained either by the eye or the

imagination. By day the visual power cannot discover this remotest limit ; the

bright heaven presents to it no resting place. But at night this curtain of the

world in which Varuna is enthroned, appears to approach nearer, and becomes

perceptible as the eye finds a limit. Varuna is closer to men. Besides, the

other divine forms which, in the clouds, in the atmosphere, and in the rays of

light, filled up the space between the earth and yonder immeasurable outermost

sphere, have vanished. No other god now stands betwixt Varuna and the mortal

beholder."

Varuna is, notwithstanding, represented in the Veda as being sometimes

visible in a bodily shape. He then assumes a luminous aspect, or is clad in golden

armour. He sits in his abode exercising sovereignty, surrounded by his spies (or

angels) ; and in two passages he is described as the joint occupant with Mitra

of a vast palace, supported by a thousand columns.f Again, these two deities

are described as ascending their chariot, which shines with a golden radiance at

the break of day, and at sunset assumes the colour of iron. Seated in this car,

and soaring in the empyrean, they beh9ld all things in heaven and earth. The

sun is in one passage denominated the golden-winged messenger of Varuna ; in

other places he is said to be the eye of Mitra and Varuna. Both of these deities,

but in particular Varuna, are celebrated by a variety of epithets, as exercising

sovereign authority and universal sway, as possessing a spiritual nature, and

divine wisdom. The grandest cosmical functions are ascribed to Varuna. Pos-

sessed of illimitable resources, this great being has meted out, created, and

upholds heaven and earth. He dwells in all worlds as sovereign : indeed the

three worlds are embraced within hira. The wind which resounds through the

firmament is his breath. He has placed the sun in the heaven, and opened up

* Journal of the German Oriental Society, vi. 70 f.

t Compai'e Ovid. Met, ii. ff. :
" Regia Solis erat subliraibus alta columnis," &c.
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a boundless path for it to traverse. He has hollowed out the channels of the

rivers. It is by his wise contrivance that, though all the rivers pour their waters

into the sea, the sea is never filled.* By his ordinance the moon shines in the sky.

and the stars which are visible by night disappear on the approach of daylight.

Neither the birds flying in the air, nor the rivers in their sleepless flow, can

attain a knowledge of his power or his wrath. His spies (or angels) behold both

worlds. He himself has a thousand eyes. He knows the flight of birds in the

sky, the path of ships on the sea, the course of the far-sweeping wind, and per-

ceives all the hidden things that have been or that shall be done. No creature

can even wink without him. He is a witness of men's truth and falsehood. His

power and his omniscience are thus celebrated in the Atharva Veda (iv. 16, 1-G)

:

(1.) " The Great Ruler of these (worlds) beholds, as if he were close at hand.

When any man thinks to do aught by stealth, the gods know it all
; (2.) and (they

perceive) every one who stands, or walks, or glides along secretly, or withdraws

into his house, or into any lurking place. Whatever two persons, sitting together,

devise, is known to Varuna the king (present there as) a third. (3.) This earth,

too (belongs) to King A^aruna, and that A^ast sky, with its far distant limits. The

two oceans (aerial and terrestrial), are Varuna's loins; and he dwells in this

small pool of water. (4.) He who should flee far beyond the sky, would not

there escape from Varuna the king. His spies (or angels), descending from heaven,

traverse this world ; thousand-eyed they look across the whole earth. (5.) King

Varuna perceives all that is within, and all that is beyond, heaven and earth.

The winkings of men's eyes are numbered by him. He handles (all) these (things)

as a gamester his dice. (G.) Ma}^ thy destructive nooses, which are cast sevenfold

and threefold, ensnare the man who speaks lies, and pass by the man who speaks

truth !"t

* Compare Ecclesiastes i. 7.—" All the I'ivers run into the sea
;
yet the sea is not full ; unto

the place from whence the rivers come, thither they return again."

t Then follow two verses containing imprecations. After giving a German translation of this

hymn in his " Dissertation on the Atharva Veda" (Tuhingen, 1856), Professor Roth remarks:

—

'• There is no hymn in the whole Vedic literature which ex2)resses the Divine omniscience in sucli

forcible terms as this ; and yet this beautiful description has been degraded into an introduction to

an imprecation. Eut in this case, as in many other passages of this Veda, it is natural to conjecture

that existing fragments of older hymns have been used to deck out magical formulas. The first

iive, or even six, verses of this hymn might be regarded as a fragment of this sort."

I have attempted to transfer this hymn into English verse as follows :

—

" The mighty Lord on high our deeds, as if at hand, espies :

The gods know all men do, though men would fain their sins disguise.

"Whoever stands, whoever moves, or steals from place to place,

Or hides him in his secret den,—the gods his movements trace.

Wherever two together plot, and deem they are alone,

King Varuna is there, a third, and all tlieir schemes are known.
This earth is Varuna's, and his those vast and boundless skies

;

These oceans are his loins, and yet in that small pool he lies.

Whoever far beyond the sky should think his way to wing,

Yet could not there escape the hand of Varuna the king.
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The attributes and functions assigned to Varuna impart to his character a

moral grandeur and sanctity far surpassing that ascribed to any other Indian

deity. He is supposed to have unlimited control over the destinies of mankind.

He is continually supplicated to drive away evil and sin. He is entreated not to

steal away, but to prolong life ; and to spare the suppliant who daily transgresses

his laws. With his bonds or nooses he seizes and afflicts transgressors. Mitra

and Varuna conjointly are said to be armed with many nooses for entangling

liars. And Indra and Varuna are described as binding men with bonds not

formed of cords. On the other hand, Varuna is said to be gracious even to him

who has committed sin. He is the wise guardian of immortality, and a hope is

held out to the good that they shall behold him reigning together with Yaraa in

blessedness in the world to come.

I shall add some specimens of a hymn (Rigveda vii. 86) already translated by

Professor Max Muller, in which Vasishtha, the rishi, or seer, who appears to be

the author, expresses his sense of Varuna's displeasure, and implores the restora-

tion of his favour. I.begin with the third verse :
—" Seeking to know that sin,

Varuna, I inquire; I resort to the wise to ask. The sages all tell me the

same ; it is Varuna who is angry with thee. 4. What great sin is it, Varuna, for

which thou seekest to slay thy worshipper and friend ? * Tell me, unassailable

and self-existent god ; and, freed from sin, I shall speedily come to thee with

adoration. 5. Release us from the sins of our fathers, and from those which we
have committed in our own persons. king, release Vasishtha like a robber

who has fed upon cattle ; release him like a calf from its tether. 6. It was not

our will, Varuna, but some seduction, which led us astray,—wine, anger, dice, or

thoughtlessness. The stronger perverts the weaker. Even sleep occasions sin."

The following touching hymn (vii. 89) has also been already translated by

His spies descending from on high glide all this world around,

And thousand-eyed their gaze they cast to earth's remotest bound.

Whate'er beyond the heaven and earth, whate'er exists between,

That too by Varuna the king is all distinctly seen.

The ceaseless winkings all he counts of every mortal's eyes

:

He wields this universal frame, as gamester holds his dice.

Those knotted nooses which thou fling'st, god, the bad to snare,

—

All liars let them overtake, but all the truthful spare."

With this hymn compare Psalm cxxxix. 1-10, passim; with verse 2, compare St Matthew
xviii. 20 ; and with verse 5, St Matthew x. 30,

* In another place (vii. 88, 4, fF.) the same seer alludes to his previous friendship with Varuna,
and to the favours formerly conferred on him by that deity, and inquires the reason of their cessa-

tion. " Varuna placed Vasishtha on his boat ; by his power the wise and mighty god made him a
rishi, to offer praise in an auspicious period of his life, that his days and dawns might be prolonged.

5. Where are those friendships of us two 1 * Let us seek the harmony which we enjoyed of old. I

have gone, O self-existing Varuna, to thy vast and spacious house with a thousand gates. He who
was thy friend, intimate, constant, and beloved, has, O Varuna, committed offences against thee.

Let not us who are guilty reap the fruits of our sin. Do thou, wise god, grant protection to him
who praises thee."

* Compare Psalms Ixxxix. 49, and xxv. 6.

VOL. XXIII. PART III. 7 M



560 MR J. MUIR ON THE PRINCIPAL DEITIES OF THE RIGVEDA.

Professor Max Muller :
—" Let me not, king Varuna, go to the house of earth.

Be gracious, mighty god, be gracious. 2. I go along, thunderer, quivering

like an inflated skin; be gracious, &c. 3. bright and mighty god, I have trans-

gressed through want of power, be gracious, &c. 4. Thirst has overwhelmed thy

worshipper when standing even in the midst of the waters ; be gracious, &c. 5.

Whatever offence this be, Varuna, that we mortals commit against the people

of the sky (the gods) ; in whatever way we have broken thy laws by thought-

lessness, be gracious, mighty god, be gracious."

Indra.

Professor Roth* is of opinion that Varuna belongs to an older dynasty of the

gods than Indra, and that during the Vedic period the high consideration which

originally attached to the former god, was in course of being transferred to his

rival. However this may be, there is no doubt that Indra is, as Roth remarks,!

the favourite deity of the Aryan Indians. More hymns of the Rigveda are dedi-

cated to his honour than to the praise of any other divinity. Although, however,

his greatness is celebrated in the most magnificent terms, he is not, as I have

already noticed, regarded as an uncreated being, but is described in numerous

passages as having a father and a mother. Thus it is said of him (Rigveda iv.

17, 4) " Thy father was the parent of a most heroic son: the maker of Indra, he

who produced the celestial and invincible thunderer, was a most skilful ^vorkman."

And again (x. 134, 1): "A divine mother bore thee; a blessed mother bore

thee." In one place only is his mother's name mentioned, and she is there called

Nishtigri. This word is treated by the commentator as a synonyme of Aditi;

but though Indra is regarded as an Aditya in the later mythology, and appears to

be addressed as such, along with Varuna, in one passage of the Rigveda (vii. 85, 4),

he is not, as far as I am aware, described as such in the other parts of that

collection.

Indra is the regent of the atmosphere or intermediate rgion, the Jupiter

Tonans and Jupiter Pluvius:}: of the Vedic Pantheon. He is the most martial of

all the deities. Even as an infant he is said to have manifested his warlike dis-

position. " As soon as he was born," says one text (viii. 45, 4, 5) the slayer of

Vrittra seized his weapon and asked his mother, ' Who are they that are re-

nowned as fierce warriors 1'" He leads the armies of the gods in their assaults

on the Asuras or Titans, destroys all the superhuman enemies of his worshippers,

and grants them victory over their mortal foes.

A great variety of laudatory epithets are lavished upon Indra. He is styled

* " Jour. Germ. Orient. Society," vi. 73 ;
" Sanskrit and German Lexicon," s.v, Indra.

f"
" Sanskrit Lexicon," s.v.

+ See Strabo, xv. 1, 69, p. 718; quoted by Lassen, Indisclie Altertliumsk. ii. 698; Aeyerai

6i y.ai raDra jraga rajv G\jyy^a<piuv, on celSovrai /ih rov 'o/j,l3^iov A/a ii hdoi, xai rov Tayy/jv <7roTaf/.h. koli
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youthful as well as ancient, undecaying, strong, agile, heroic, martial, all-conquer-

ing, lord ofunbounded wisdom and irresistible power, wielder of the lightnings, &c.,

&c. He has vigour in his body, strength in his arms, a thunderbolt in his hand,

and wisdom in his head. He assumes the most beautiful forms, and is invested

with all the splendour of the sun. The Vedic poets have described a few of

the features of his personal appearance. The epithet which is most constantly

applied to him is Susipra or Siprin,—in the interpretation of which the Indian

commentator wavers "between god with the handsome cheeks or nose," and
" the god with the shining helmet or turban." He is also called " the ruddy-

cheeked," the "ruddy-haired," the "ruddy, or golden-hued." He wears a ruddy,

or golden beard, which is violently agitated when he puts himself in motion. He
is also called the "iron god," which the commentator explains to mean that he

wears a coat of iron mail. But his forms are endless ; he can assume any shape

he pleases. Holding in his hand a golden whip, he is mounted on a golden car,

which moves more swiftly than thought, drawn by two ruddy or tawny steeds,

snorting, neighing, and irresistible, with flowing golden manes, hair like peacock's

feathers, and tails like peacocks. He is also said to be borne along by the horses of

the sun; or, by a natural and obvious image, by the horses of the wind (Vata).

He is armed with a thunderbolt, forged by Tvashtri, the Indian Vulcan, which is

variously described as of gold and of iron, as four-angled, as ending in a hundred,

and a thousand points. He is elsewhere said to carry a bow, and to discharge

arrows with a hundred points, and winged with a thousand feathers. Invoked

by his mortal worshippers, he speedily obeys their summons, and arrives in his

chariot to receive their offerings. He finds food prepared for his horses, and

large libations of the juice of the soma plant \Asdep)ias acida, or Sarcostemma

viminale) are poured out for himself to quaff. All the gods, we are told, hasten

eagerly, when invited, to partake of this beverage, but Indra is particularly

addicted to the indulgence, and seems to be dependent upon it for all his valour

and energy. His mother gave him this juice to drink on the very day of his

birth. Exhilarated by copious draughts of this elixir, and fortified by the

encouragement both of gods and men (who are even said to place the thunderbolt

in his hand), Indra hurries off, escorted by troops of Maruts or Winds, and some-

times attended by his faithful comrade Vishnu, or by Agni, or by Vayu, to

encounter the hostile powers in the atmosphere, who malevolently shut up the

liquid treasures of the clouds. These demons of drought, who are called by a

great variety of names, such as Ahi, Vrittra, Sushna, Namuchi, &c., &c., and who,

on their side, also, are armed with every variety of celestial artillery, vainly

attempt to resist the onset of the god. Heaven and earth quake with affright

at the crash of Indra's thunder, and even Tvashtri himself, the forger of that

thunder, trembles at the noise of his own handiwork, and at the fury of the

impetuous deity by whom it is wielded. The enemies of Indra are speedily
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pierced and shattered by the very sound of his iron bolts. The waters, released

from their imprisonment, descend in copious streams to the earth, fill all the

rivers, and roll downward in torrents to the ocean. The gloom which had over-

spread the sky is dispersed, and the sun is restored to his position in the heavens.

Constant allusions to these conflicts between the opposing powers of the atmo-

sphere occur in nearly every part of the Rigveda, and the descriptions are some-

times embellished with a certain variety of imagery. The clouds are represented

as mountains, or are variously characterised as the autumnal, moving, iron,

or stone-built cities of the demons of the atmosphere, which Indra over-

throws. He destroys his enemies when he discovers them on the aerial moun-

tains, or hurls them back when they attempt to take the sky by escalade. One

is a monster with ninety-nine arms : a second has three heads and six eyes ; a

third he pierces with ice, or crushes with his foot ; the head of a fourth he strikes

off" with the foam of the waters.

The growth of much of the imagery just described is perfectly natural

and easily intelligible, especially to persons who have lived in India and

witnessed the phenomena of the seasons in that country. At the close of the

long hot weather, when every one is crying aloud for rain to moisten the

earth and cool the atmosphere, it is often extremely tantalizing to see the

clouds collecting and floating across the sky, day after day, without discharg-

ing their contents. And in the early ages, when the Vedic hymns were

composed, it was quite in consonance with the other ideas which their authors

entertained, to imagine that some malignant influence was at work in the atmo-

sphere to prevent the fall of the fertilizing showers of which the parched fields

stood so much in need. It was but a step further to personify both the hostile

power and the beneficent agency by which it was at length overcome. Indra is

thus at once a terrible warrior and a gracious friend, whose shafts deal destruc-

tion to his enemies, while they are the instruments of deliverance and prosperity

to his worshippers. The phenomena of thunder and lightning almost inevitably

suggest the idea of a conflict between opposing forces : even we ourselves, in our

more prosaic age, often speak of the war, or strife, of the elements. The other

appearances of the sky, too, afforded abundant materials for poetical imagery.

The worshipper would at one time transform the clouds into the chariots* and

horses of his god, and, at another time, would seem to perceive in their piled-up

masses the cities and castles which he was advancing to overthrow.

The power and glory of Indra are characterised by the grandest epithets.

Thus, it is said of him in different texts :
" His greatness transcends the sky, the

earth, and the atmosphere. He who fixed the quivering earth, who gave stability

to the agitated mountains, who meted out the vast atmosphere, who propped up

* Compare Psalm civ. 3.
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the sky, he, men, is Indra. Not all the gods are able to frustrate the counsels

of Indra, who established the earth and this sky, and, wonder-working, produced

the sun and the dawn. Through fear of thee, Indra, all the mundane regions,

however steady, begin to totter ; heaven and earth, mountains, forests, all that

is fixed, is afraid at thy coming. Indra is not to be overcome, Sakra (another

name of Indra) is not to be overpowered ; he hears and sees all things. At the

birth of thee, the glorious one, the heavens trembled, and the earth, through fear

of thy wrath. Heaven and earth are not sufficient for his girdle. All the gods

yield to him in power and force. The two worlds are equal to but the half of

him. Which of the poets who were before us have found out the end of all thy

greatness? seeing that thou didst produce at once the father and the mother

{i.e., heaven and earth) from thine own body."

These passages afford a fair specimen of the strains in which Indra is most

commonly celebrated in the hymns. It will be observed that the attributes

which are assigned to this deity are chiefly those of physical superiority and

dominion over the external world. In fact, he is not generally represented as

possessing the spiritual elevation and moral grandeur which are so strikingly

characteristic of Varuna. There are, however, many texts in which his close

relations with his worshippers are described, and a few in which an ethical char-

acter is attributed to him. Faith in him is confessed or enjoined in various

passages; the reality of his existence and power is asserted in opposition to

sceptical or faithless doubts. He is the friend, and even the brother, of his pre-

sent worshippers, as he was the friend of their forefathers ; but he desires no

friendship with the man who offers no oblations. He is reminded that he him-

self has friends, while his adorers are friendless. His friend is never slain or

conquered. It is he almost exclusively who is invoked as the patron of the

Arian Indians, or civilized invaders of Hindostan, and their protector against their

barbarous aboriginal foes, or their unseen and supernatural enemies. He is

invoked by men as a father ; he is embraced by the hymns of his votaries as a

husband is embraced by his wives ; his right hand is seized by suppliants for

riches ; his powerful arms are resorted to for protection, and he is a deliverer

easy to be entreated. He is implored not to slay for one, two, three, or even for

many sins. Destruction faUs upon the man who offers him no libations, while

he richly rewards his faithful servants. Yet he is sometimes naively importuned

to be more prompt in his generosity, and is even given to understand that his

worshipper, if in his place, and possessed of his means, would be more liberal.

He is supplicated for all sorts of temporal blessings, and, among the rest, for

victory in battle. As a man, in walking, puts first one foot forward and then

the other, so Indra, by his power, changes men's relative positions ; he subdues

the fierce, and puts others in the foremost ranks; he is the enemy of the

VOL. XXIII. PART III. 7 N
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prosperous and ungodly man, while he protects his own servants, and leads

them into a "large room,"* into celestial light and security.

Vdyu and the 3£aruts.

Vayu, or the Wind, who, as we have seen, is often associated with Indra,

does not occupy a very prominent position in the Rigveda. But few epithets

are applied to him. He is called beautiful or conspicuous, and handsome in

form. He is thousand-eyed, and swift as thought. Like other deities who have

been already passed under review, he rides in a shining 'golden chariot, drawn

by ruddy or purple steeds, and his team is sometimes said to consist of as many

as a hundred, or even a thousand horses. Indra frequently rides by his side.

In one of the latest hymns (x. 168), the phenomena of the wind are picturesquely

described. His chariot rolls along, resounding, and rending all it encounters.

He drives before him, as he advances, the dust of the earth. He never ceases to

move along the paths of the atmosphere. The poet then asks, in phrases some of

which are almost those of St John (iii. 8), " In what place was he born ? whence

has he sprung ? Soul of the deities, source of the universe, this god wanders

where he lists ; his sound is heard, but his form is not (seen)."

The Maruts or Rudras, deities of the storm, receive in the Rigveda a much

more frequent and enthusiastic celebration than Vayu. They are the sons ofRudra

(who will be noticed below) and Prisni. Numerous hymns are dedicated to their

honour, in which they are described by a great variety of picturesque epithets.

They are compared to blazing fires ; they are free from soil, and of sun-like

brilliancy. In one place they are thus apostrophised :
—" Spears rest upon your

shoulders, ye Maruts
;
ye have anklets on your feet, golden ornaments on your

breasts, fiery lightnings in your hands, and golden helmets on your heads." They

shatter the demon of drought into fragments ; they are clothed with rain ; they

distribute showers over all the world, and alleviate the burning heat ; they shake

the mountains, the earth, and both the worlds ; they overturn trees, and like

wild elephants, they consume the forests ; they have iron teeth ; they roar like

lions, and all creatures are afraid of them ; they are swift as thought ; they ride,

with whips in their hands, in golden cars, with golden wheels, drawn by ruddy,

tawny, or speckled horses, with which their chariots are said to be winged.

The Maruts, as we have seen, are frequently described as the attendants of

Indra ; but they are the subjects of celebration in many separate hymns in which

that deity is never mentioned.

Budra.

Rudra, who, under the name of Siva, or Mahadeva, and as the third person

* This is a plirase of frequent occurrence in the Rigveda. Compare the very similar expres-

sions in Psalms xviii. 19, xxxi. 8, and cxviii. 5,
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of the Indian triad, the Destroyer, is one of the three great gods in the later

Indian mythology, is a deity of but subordinate importance in the hymns of the

Eigveda. Like most of the other gods, however, he is designated in those hymns

by a variety of magnificent epithets. He is self-dependent, the strongest and most

glorious of beings, the father of the world, cognisant of all the doings of gods and

men. He is described as seated in a chariot; as being himself brilliant as

the sun ; as arrayed in golden ornaments, and wearing braided hair ; as wielding a

thunderbolt ; as armed with a bow and arrows, a strong bow and fleet arrows.

His shafts are discharged from the sky, and traverse the earth. He is called the

slayer of men. His anger and his destructive bolts are frequently deprecated

;

but he is also represented as benevolent, gracious, easily entreated, as the source

of health and prosperity to man and beast. He is often described as the pos-

sessor of healing remedies, and is characterised as the greatest of physicians.

Rudra is also designated in various texts as the father of the Rudras or Maruts,

the class of deities last described, who rule the winds ; and from this relation we

might expect that he would be represented as still more eminently than they, the

generator of tempests and chaser of clouds. Except, however, in a small number

of texts, there are few distinct traces of any such agency being assigned to him.

The numerous vague epithets which he constantly receives would not suffice to

fix the particular sphere of his operation, or even to define his personality, as

most of them are applied to other deities. While, however, the cosmical function

of Rudra is thus but obscurely indicated, he is, as we have seen, described as

possessing other marked and peculiar characteristics. There can be little doubt,

though he is frequently supplicated to bestow prosperity, and addressed as the

possessor of healing remedies, that he is principally regarded as a malevolent deity,

whose destructive shafts—the source of disease and death—the worshipper strives

by his entreaties to avert. If this view be correct, the remedies which Rudra

dispenses, may signify little more than the cessation of his destroying agency.*

Vishnu.

Vishnu, who, at a later period, was considered as one of the class of gods

mentioned above, the Adityas, and who, as the second deity in the great Indian

triad, has cast all the other gods except Rudra, or Siva, into the shade, was not,

as compared with Indra or Varuna, or perhaps even with Savitri, a very promi-

nent object of adoration in the Vedic age. There are, however, a few hymns in

which he is celebrated, sometimes singly, but mostly in conjunction with Indra,

and also a good many detached verses in which he is mentioned. The charac-

teristic function by which he is repeatedly distinguished from every other god,f

strides.

* See Sanskrit Texts, vol. iv. p. 339, f.

t Only Indra is associated with him in two passages (vi. 69. 5 ; and vii. 99. 6) as taking vast
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is that of striding across the heavens in three paces. These three steps

are explained by one of the ancient interpreters as denoting the triple mani-

festation of light—as fire on earth, as lightning in the atmosphere, and as the

sun in the sky ; and by another, as designating the three stages of the sun's daily

movement—his rising, culmination, and setting. From this difference of view

prevailing between two of the oldest expounders of the Veda, it appears that these

three steps of Vishnu must, from a very ancient period, have been regarded as

something enigmatical. Some of the highest divine functions and attributes are

also assigned to Vishnu in the hymns. Thus he is said to support alone the sky

and the earth, and to comprehend all the worlds with his three vast strides. No

one, even the soaring birds, can attempt to follow his third and loftiest step. He

alone is acquainted with the highest sphere. No one born, or yet to be born,

can in thought attain to the furthest limit of his greatness. The pious enjoy

celestial bliss in his abode. Varuna and the Asvins do homage to his power.

But we are not, therefore, to imagine that he was regarded as superior to the other

deities ; for Indra is associated with Vishnu even in some of the hymns in which

the latter is most magnified. Nay, in one place, the power through which Vishnu

takes his three strides is said to be derived from Indra ; in two other texts Vishnu

is represented as celebrating Indra's praises ; and, as described in various other

passages, the former appears to play a secondary part as compared with the

latter. Besides, the same high functions and awful attributes which are ascribed

to Vishnu, are in other and far more numerous texts assigned to Indra, Varuna,

and other deities.*

- Surya and Savitri.

The great powers presiding over day and night are, as we have seen, sup-

posed by the Indian commentators to be personified in Mitra and Varuna. But

these two deities, and especially Varuna, are far more than the mere representa-

tives of day and night. They are recognised as moral governors, as well as

superintendents of physical phenomena. There are two other deities who are far

more direct representatives of the solar orb—viz., Surya and Savitri, who are in

a few passages described as belonging to the same class of gods as Mitra and

Varuna—viz., the Adityas. It is under these two different names that the sun

is chiefly celebrated in the Veda, according, perhaps, to the different aspects

in which he is viewed, or the functions which he is conceived as fulfilling.

Different sets of hymns are devoted to his worship under each of these appella-

tions ; and the epithets which are applied to him under each of these characters

are for the most part different.

Surya is described as moving through the heavens on a car, which is some-

* See my Sanskrit Texts, vol. iv. Preface iv. fF., and pp. 54-101.
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times said to be drawn by one, sometimes by several, sometimes by seven, horses.

His path is prepared by the Adityas, Mitra, Aryaman, and Varuna. The god

Pushan goes as his messenger, with his golden ships, which sail in the aerial

ocean. Surya is the preserver, the soul, of all things, moving or stationary ; the

vivifier ofmen ; the upholder of the sky. He rolls up darkness like a hide. He
is far-seeing, and by an image common, I suppose, to most literatures (and which

we find in Homer and ^Eschylus),* he is said to be all-seeing, beholding all

worlds, and the good and bad deeds of men. He is the eyef of Mitra and Varuna.

In many passages, however, his dependent position is asserted. Thus, he is said

to have been produced, or placed in the sky, or caused to shine, by Indra, or by

some other deity. Ushas, the Dawn, is in one place said to be his wife. In

another passage the Dawns are, by a natural figure, said to produce him.

The name Savitri is derived from a Sanskrit root su, to propel, stimulate, or

inspire ; and may therefore be taken to denote the sun in his character of stimulator

or inspirer. This signification of the name is frequently referred to in the Veda, and

is coupled with the constant use, in various other forms, of the verb from which

it is derived, to denote the functions attributed to this god. As described in the

Rigveda, Savitri is pre-eminently the brilliant and golden deity. He is golden-

eyed, golden-handed, golden-tongued ; he is surrounded by a golden lustre ; he

mounts a golden car, drawn by radiant horses ; he stretches out his golden arms,

which infuse energy into all creatures, and reach to the utmost ends of the sky.

He is also called broad-handed, beautiful-handed, beautiful-tongued. He beholds

all things ; he illuminates the atmosphere and all the regions of the earth. His

ancient paths in the sky are said to be free from dust. He is called a divine

spirit (asicm). His will and independent dominion cannot be resisted, even by

Indra, Varuna, Mitra, Aryaman, Rudra, or any other being. The waters fall and

the winds blow by his ordinance. His praises are celebrated by the Vasus, by

Aditi, by the royal Varuna, by Mitra, and by Aryaman. He is the lord of crea-

tures, the supporter of the world and of the sky. In one place he is even said,

whether literally or figuratively, to bestow on the gods the gift of immortality.

It would appear to result from all this, that Savitri was at one time the object of

a very enthusiastic adoration in India ; and in fact the holiest text in the Veda

(ill. 62. lOj, that which is called par excellence tJie gdyatri, is addressed to him.

This verse is thus rendered by Mr Colebrooke (Misc. Ess. i. 30)—" Let us meditate

on the adorable light of that divine ruler {Savitri) : may it guide our intellects."

Professor H. H. Wilson translates it thus :
" We meditate on that desirable light

of the divine Savitri, who influences our pious rites." Professor Benfey, in his

* Iliad, iii. 277, xiv. 344 f
.

; Odyssey, viii. 270; and^sch. Prom. 91. Compare Ovid. Met.,

'iv. 171 f.; 195 fF.

f Compare Hesiod, Opp. et dies : iravra Sduv A/ig ofSa'X/ihi xa'i iravra. vo^gag. % r >.
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" Sama Veda" (ii. 812), gives yet a different rendering: " We receive this glorious

brightness of the generator, of the god who will prosper our works."

In the hymns Savitri is sometimes expressly distinguished from Surya. To

explain this circumstance, the Indian commentator asserts, that before his rising,

the sun is called Savitri, and at his rising and setting Surya ; and in another place

he says, that though the godhead of the two deities is identical, they ma}'' yet,

from the diversity of their forms, be spoken of as separate agents. Yaska, a much

older writer, says, that " the time of Savitri's appearance is when darkness has

been removed, and the rays of light have become diffused over the sky." But

it is scarcely consistent with this explanation, that in one text Savitri is said to

exercise his influence after the rising of the sun.

In other passages of the Rigveda, the two names appear to denote the same deity.

Tvaslitri.

Another god who, in the later mythology, is regarded as one of the Adityas,

but who does not yet bear that character in the Rigveda, is Tvashtri, the Vulcan

of the Indian pantheon. He is represented as the most skilful of all artizans, and

as versed in all admirable contrivances. He sharpens the iron axe of Brahmanas-

pati, and forges the thunderbolts of Indra. It is his peculiar function to fabricate

forms : he gives shape to heaven and earth ; he bestows generative power, moulds

all structures, human and animal, out of the seminal germ ; forms husband and

wife for each other in the womb. He gave his daughter Saranyu in marriage to

Vivasvat, the sun, and is thus the grandfather of Yama ; and he is also described

as the father-in-law of Vayu, the god of the wind.

Agni.

Agni is the god of fire, the Ignis of the Latins. The word, as all scholars

know, has been lost in Greek. He is one of the most prominent deities of the

Rigveda, since nearly as many entire hymns are addressed to him as to Indra,

and more than are assigned to any other divinity. Agni is not, like the Greek

Hephaestus, or the Latin Vulcan, the artificer of the gods (an office which, as we

have just seen, is in the Veda allotted to Tvashtri), but derives his importance

almost exclusively from his connection with the ceremonial of sacrifice. He

is an immortal, who has taken up his abode among mortals, as their guest, their

friend, and their domestic priest. He is a sage, intimately acquainted with all

the forms of worship, and qualified, by his wisdom and power, to bring them all

to a successful termination. Every oblation which he superintends goes straight

to the gods. He concentrates in himself, and exercises in a superior sense, all the

various priestly offices distributed by the Indian ritual among a number of sepa-

rate human functionaries. He is a messenger moving between heaven and earth,

and commissioned both by gods and men to maintain their mutual communica-

tions, to announce to the immortals the hymns, and to convey to them the offer-
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ings, of their worshippers. On the part of men, he invokes the gods, invites them

to attend the ceremonies instituted in their honour, arrives with them seated in

the same chariot, and receives them with reverence and adoration. In other

places, lie is somewhat differently described as the mouth, and the tongue,

through which both gods and men participate in the sacrifices. He is the banner,

symbol, or outward manifestation, the father, guardian, protector, lord, and king,

of sacrifice; the lord of the house; the lord and king of the people; and the

father, mother, brother, and son, of his worshippers, some of whom claim with

him a hereditary friendship.

In the descriptions of the Rigveda, the element of fire is frequently, and

almost inevitably, confounded with the deity who is supposed to be its representa-

tive,—many of the epithets applied to the latter being quite as appropriate, if

not more appropriate, to the former. Thus, although Agni is often said to have

been generated by the gods, or to be the offspring of heaven and earth, or to have

been brought from heaven by Matarisvan ; he is also constantly alluded to as

having been first kindled by Manu, or some other ancient sage, and his birth is

described as resulting from the homely process of rubbing together two pieces of

stick ; which are spoken of as his parents,—parents, whom their infant offspring

afterward unnaturally devours. This infant is, however, like the wriggling brood

of a serpent, very difficult to catch ; but when seized, he is nourished with oblations

of clarified butter. This nourishment is alluded to in the epithets " butter-haired,"

and " butter-formed." The following are some of his other appellations ;
" smoke-

bannered," " black-pathed " (this alludes, of course, to the way in which fire

chars the wood which it consumes) ;
" brilliant-coloured," " brilliant-flamed,"

"flaming-haired," "golden-haired," "golden -bearded," "golden-formed," " sharp-

weaponed," " sharp-toothed," " golden-toothed," " four-eyed," " thousand-

eyed," and " thousand-horned." His flames roar like the winds, like the wave^

of the sea, like a lion, like a bull ; he envelopes the woods, and blackens them

with his tongue ; he shears the hair of the earth ; he shaves the ground, as a

barber a beard. He rides on a chariot of light, or of lightning, or of a brilliant

or golden colour, drawn by fleet horses, of a ruddy or tawny hue.

In some passages, Agni appears to be identified with light in general, as where

it is said (Rigveda, x. 88, 6, 10, flP.) " Agni is by night the head of the earth;

from him is produced the sun which rises in the morning .... With a hymn
the gods, through their power, produced in the heaven Agni, who fills the world.

They made him to exist in a threefold character When the adorable gods

placed him in the sky as the solar orb, the son of Aditi, then they beheld all the

worlds." The " threefold character" here alluded to, means, according to an old

commentator, the three forms of fire upon earth, lightning in the atmosphere,

and the sun in the heavens.*

* See Nirukta, vii. 28, and xii. 19 ; and my Sanskrit Texts, vol. iv. p. 55 f.
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Although Agni is not in general celebrated in the same lofty strains as Indra

and Varuna, there are yet a few passages in which the attributes of creator and

preserver of the universe are assigned to him by the Vedic poets. Thus, he is

said to have produced the two worlds ; to have meted out the regions of the air,

and the heavenly luminaries ; to have spread out heaven and earth, like two

skins : to have propped up the sky ; and to exceed the universe in greatness. All

the deities fear and reverence him. He delivers them from evil. His ordinances

are not violated. He knows the races of the gods, the recesses of heaven, and

the secrets of men. He beholds all worlds. He is celebrated and worshipped by

Mitra, Varuna, the Maruts, and the 3339 divinities. Through him Varuna, Mitra,

and Aryaman triumph. He is sometimes identified with other gods, such as

Indra, Vishnu, Varuna, Mitra, Aryaman, Tvashtri, Rudra, and is said to compre-

hend them all within himself, as the circumference of a wheel surrounds the

spokes. He is also at times associated with some of the other deities, especially

Avith Indra, in several of whose functions, such as that of thunderer, slayer of

Vrittra, and destroyer of cities, he is said to participate, and of whom he is in

one place said to be the twin brother.

The votaries of Agni prosper. He is the friend of the man who entertains him

as a guest, and he bestows protection and wealth on the worshipper who sweats

to bring him fuel, and wearies his head to serve him. He has it in his power to

bestow many kinds of blessings, and to avert many species of misfortunes, and

is therefore supplicated to grant his favour and protection, and to be an iron wall

with a hundred ramparts to shield his votaries. He is master of all the

treasures in the earth, the atmosphere, and the sky. All blessings proceed from

him. as branches from a tree.

In one passage, the worshipper naively says to Agni,—" If I were thou,

and thou wert I, thy aspirations should be fulfilled on the spot ;" and again,

—

'^ If, Agni, thou wert a mortal, and I an immortal, I would not abandon thee to

wrong, or to penury. My worshipper should not be poor, nor distressed, nor

miserable."

The blessings which this god is solicited to bestow are almost entirely of a

physical character ; but in one or two places, he is asked to forgive sin. He

appears occasionally to be regarded as the arbiter of immortality ; and in a funeral

hymn he is besought to convey the " unborn part" of the deceased to the world

of the righteous.

The Asvins.

The Asvins seem to have been a puzzle even to the oldest Indian commen-

tators, one of whom, Yaska, refers to them in the following terms (Nirukta,

xii. 1) :
— " Now come the deities whose sphere is the heaven. Of these the two

Asvins are the first in order. They are called Asvins (from a root as), because
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they pervade everything—the one of them with moisture, the other with light.

AuRNABHAVA says they are denominated Asvins, because they have horses

(asvaih). But who are these Asvins? 'Heaven and Earth,' say some. 'Day

and Night,' say others. ' Two kings, performers of holy acts,' say the legendary

writers. Their time is subsequent to midnight, whilst the break of day is de-

layed."

It may seem singular that two gods of a character so little defined as that of

the Asvins should have been the objects of so enthusiastic a worship as appears,

from numerous hymns in the Rigveda, to have been paid to them in ancient

times. But the reason may have been, that they were regarded and hailed as

precursors* of the return of day, after the darkness and dangers of the night.

According to one of the hymns in the tenth book of the Rigveda (xvii. 1, 2),

they appear to have been regarded as the twin sons of Vivasvat and Saranyu.

They are also called the grandsons of the Sky, and the offspring of the Sea—whether

this means the terrestrial or the atmospheric ocean. The time of their appearance

is the early dawn, when they yoke their horses to their car, and descend from

heaven to receive the adorations and oflerings of their votaries. In one place their

sister is mentioned ; and the Indian commentator considers that Ushas or Aurora

is meant.f Their chariot is of a singular formation, being three-wheeled, trian-

gular, and triple in some other parts of its construction, which are not very easy

to explain. They are also fancifully requested to bestow a number of different sorts

of blessings thrice. Their chariot is further described (like those of other gods)

as golden, as swifter than thought, or than the twinkling of an eye, as thousand-

formed, and decorated with a thousand banners. They are sometimes said to be

drawn by a single ass, I but more frequently by fleet and winged horses.

The Asvins themselves are represented as young, beautiful, radiant, of golden

form, wearing many shapes, and decked with lotus garlands, agile, fleet as thought,

skilful, profound in wisdom, strong, awful, overthrowers of pride, armed with

terrible and golden spears. They are also described as physicians, and restore

the blind, sick, and emaciated to sight, health, and strength. In several hymns
the numerous succours of various kinds which they had in former times granted

X * Roth says of them (Jom-nal Germ. Orient. Society, iv. 225), " The two Asvins, though, like

the ancient interpreters of the Veda, we are by no means at one about the conception of tlieir character,

hold yet, according to their signification, a perfectly distinct position in the entire body of the Vedic
deities of light. They are the first bringers of light in the morning sky, who in their chariot rapidly

precede the Dawn, and prepare the way for her." Compare Professor Max Muller's "Lectures on
the Science of Language," 2d Series (which have just been published as this paper is passing

through the press), pp. 489, ff.

t The passage alluded to is Rigveda, i. 180, 2. In another text, i. 123, 5, Ushas is said to

be the sister of Bhaga and Varuna.

J See Haug's " Aitareya Brahmana," vol. ii. p. 273. " The Asvins were winners of the race

' with a carriage drawn by donkeys ; they obtained (the prize). Thence (on account of the excessive

efforts to arrive at the goal) the donkey lost its (original) velocity, became devoid of milk, and the

slowest among all animals used for drawing carriages," &c. The race alluded to is one which the

gods ran to settle a point in dispute between them. See p. 270 of the work just quoted.
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to their worshippers are enumerated, and among them a few cures are specified.

They are frequently supplicated for various kinds of blessings ; they are implored

to prolong life, and even to forgive sin ; and their hereditary friendship with the

worshipper is sometimes appealed to.

Soma.

I have already alluded to the important share which the exhilarating juice of

the soma plant [Asclepias acida or Sarcostemma mminale) assumes in bracing

Indra for his conflict with the hostile powers in the atmosphere. This juice, or

rather the plant from which it is extracted, is personified in a god Soma, who is,

or rather at one time was, the Indian Bacchus. The whole of the hymns in the

ninth book of the Rigveda, 114 in number, besides a few in the other books,

are dedicated to his honour. It is clear, therefore, as Professor Whitney

remarks,* that his worship must have been at one time remarkably popular.

The soma sacrifice, in fact, formed an important part of the old Brahmanical

ritual, as well as that of the ancient Persian worship.f But with the decline of

the Vedic rites, and the transformation of the old, or the introduction of new,

deities, the early popularity of Soma has long since passed away, and his name

is familiar to those learned Brahmans only who, in a few places, maintain the

old tradition of the Vedic observances. The hymns addressed to Soma were

intended to be sung while the juice of the plant from which he takes his name

was being pressed out and purified.^ They describe enthusiastically the flow-

ino- forth and filtration of the divine liquid, and the efffects produced on the

worshippers, § and supposed to be produced on the gods, by partaking of the

* Journal of the American Oriental Society, iii. 299.

f See Dr Haug's Aitareya Brahmana, i. 59, ff. ; and Windischmann's " Somacultus der Arier ;"

as well as my "Sanskrit Texts," vol. ii. pp. 469, fF., where the most important parts of this dissertation

are translated or abstracted. See also the extract there given from " Plutarch de Isid. et Osir." 46,

where the soma plant, which in Zend is called haoma, is mentioned under the name of o/iufii.

+ Whitney Journal of the American Oriental Society, as above: " Sanskrit Texts," vol. ii. p. 470.

§ These effects are thus described in a verse (Rigveda, viii. 48, 3) which may be freely trans-

lated as follows :

—

" We've quaffed the Soma bright, and are immortal grown

:

We've entered into light, and all the gods have known.

" What mortal now can harm, or foeman vex us more ?

Through thee beyond alarm, immortal god, we soar."

Compare Euripides, " Cyclops," 578, ff.,

—

6 5' ougavof fj,oi avfi/jjS/iiypi'evos dox.7i

77) jr\ (pe^isOai. tou A/og re rov S^ovov

"KiuGOoi TO 'jrav n buiiJMOiv ayvh BijSa;.

I subjoin a free translation of the 119th Hymn of the Tenth Book, in which Indra himself is sup-

posed to express his sensations when in a state of exhilaration :

—

"1. Yes, yes, I will be generous now; and grant the bard a horse and cow.

I've quaffed the soma draught.
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beverage. The juice itself is called an immortal draught, and a medicine for the

sick. The god, too, is said to cover whatever is naked, to heal v^hatever is

diseased ; through him the blind sees, and the lame walks. The most magnificent

attributes and functions are assigned to him. He is the friend, the ally, and the

soul of Indra, whose vigour he stimulates, and whom he renders triumphant in

his conflicts with Vrittra. He rides in Tndra's chariot ; he is armed with sharp

and terrible weapons ; and he is, like Indra, the destroyer of hostile demons, and

the overthrower of their cities. And not only so, but he is also declared to be

the father of the gods, the creator of the sky and the earth, of Agni, of Surya, of

Indra, and of Vishnu. All creatures are in his hand ; he is the king of gods and

men, the upholder of the heavens, and the sustainer of the earth ; he destroys

darkness, and causes the sun to rise. He is thousand-eyed, beholds all worlds,

and strikes down the impious into the abyss. He is the possessor of all resources.

He bestows immortality on gods and men ; and it is worthy of remark that in a

passage (ix. 113, 7 flf.) where the joys of paradise are more distinctly anticipated

and described than in most other parts of the Rigveda, the deity from whom this

future felicity is asked is Soma. Two of the verses of this hymn are as follows :

—

" Place me, purified god, in that everlasting and imperishable world, where

there is eternal light and glory. Indu (Soma), flow for Indra. Make me im-

mortal in that world where King Vaivasvata (Yama) lives, where is the innermost

sphere of the heaven, where those great waters flow. Indu, flow for Indra," &c.

" 2. These draughts impel me with the force of tempests in their furious course.

I've quaffed the soma draught.

" 3. They drive me like a car that speeds when whirled along by flying steeds.

I've quaffed, &c.

" 4. Not fonder to her calf the cow than that fond hymn which seeks me now.
I've quaffed, &c.

" 5. I turn it over while I muse, as carpenter the log he hews.

I've quaffed, &c.

" 6. The tribes of men, the nations all, I count as something very small.

I've quaffed, &c.

" 7. The sky and earth, though vast they be, don't equal even the half of me.
I've quaffed, &c.

" 8. The heavens in greatness I surpass, and this broad earth, though huge her mass.

I've quaffed, &c.

" 9. Come, let me as a plaything seize, and put her wheresoe'er I please.

I've quaffed, &c.

"10. Come, let me smite with vigorous blow, and send her flying to and fro.

I've quaffed, &c.

" 11. My half is in the heavenly sphere; I've dragged the other half down here.

I've quaffed, &c.

" 12. How great my glory and my power ! Aloft into the skies I tower.

I've quaffed, &c.

" 13. I'm ready now to mount in air, oblations for the gods to bear.

I've quaffed the soma draught."
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Yama.

Yama, the son of Vivasvat and Saranyu, is the ruler of the world to come. In

the later mythology he becomes distinctly the Indian Pluto, the judge of the dead,

who in a future state recompenses the good and bad according to their deserts

;

but he is there depicted principally as an object of terror. The awful side of his

character is not altogether unrecognised even in the Rigveda, where he is said to

have two insatiable dogs with four eyes and wide nostrils, which guard the road

to his abode, and wander about among men. They are evidently regarded with

dread, and the spirits of the departed are advised to hurry past them. The bonds

or nooses of Yama are also mentioned in one place along with those of Varuna, and

he is, in another passage, identified with death, and described as sending a bird

as a forewarner of doom. In a text of the Atharva-veda, death is said to be his

messenger. But in the Vedic hymns he is most commonly represented as the

sovereign and guardian of the blessed. In a text already quoted, the wor-

shipper prays to be admitted to the abode of Yama, in the innermost sphere of

heaven. In another place the souls of the departed are desired to proceed by

the path which their fathers had trodden before, and Avhich would introduce

them to the vision of Yama and Varuna dA\elling together in blessedness. Pro-

fessor Roth has pointed out that Yama was sometimes regarded by the Indians

as the first man, the first who departed to the other world and became its ruler.*

Thus, in one text of the Rigveda, he appears to be spoken of as the sole existing

mortal ; and in another place he is described as having been the first to discover

the wa}^ to heaven. This is still more distinctly expressed in a verse of the

Atharvaveda, which runs thus :
" Worship with an oblation that King Yama, the

son of Vivasvat, the gatherer together of men, who was the first of mortals that

died, the first who departed to this [heavenly] world." In another verse of the

Rigveda he is described as carousing with the gods under a leafy tree.

It is quite clear from all this that towards the end, at least, of the Vedic age,

the Indians had a distinct belief in a future state of rewards. The following are

some of their other ideas regarding the future destinies of men. When the

remains of the deceased have been placed upon the funeral pile, and the process

of cremation has commenced, Agni, the god of fire, is besought not to scorch

or consume the departed, not to rend asunder his skin or his limbs, but after the

flames have done their proper work, to convey to the fathers the mortal who has

been presented to him as an offering. The eye of the dead is bidden to go to the

sun, his breath to the wind, and his other members to the sky, the earth, the

waters, or the plants, according to their several affinities. As for his "unborn

part," Agni is supplicated to kindle it with his heat, and putting on his most

* Manu, Yama's twin brother, is, however, far more frequently mentioned in the Rigveda as the

first man or the progenitor of the Indians. See my paper on Manu, in tlie 20th vol. of the Journal

of the Royal Asiatic Society, pp. 406, ff.
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auspicious form, to convey it to the world of the righteous. Leaving behind it

here below all that is evil and imperfect, and traversing the vast abyss of dark-

ness which separates this world and the third heaven, the spirit soars in a car, or

on wings, on the undecaying pinions of Agni, wafted by the Maruts, and fanned

by delightful zephyrs, to the realms of eternal light, recovers there its ancient

body, now invested with celestial radiance, meets with the forefathers who are

dwelling in festivity with Yama, is recognised by that god as one of his own, ob-

tains from him a delectable abode, and enters on a new existence and more perfect

life, which is passed in the presence of the gods, and employed in the fulfilment of

their pleasure. In a passage of the Atharvaveda, an expectation that the family

relations will be maintained in the next world is expressed in these words

:

" Conduct us to heaven ; let us be with our wives* and children." In the verses

which follow those I have already quoted from a hymn addressed to Soma, the

happiness of heaven is said to consist in the fulfilment of all desires, and the

unrestrained enjoyment of a variety of gratifications, the nature of which is not

explained, but which yield complete satisfaction. These pleasures are probably

to be understood as being of a sensual character, as in a passage of the Atharva-

veda (iv. 32; 2, 4) a promise is held out to those who offer up a particular

oblation that their sexual appetites shall be abundantly gratified in paradise, and

that they shall there be able to revel in milk, curds, butter, honey, and wine.

Virtuous men of different classes,—the faithful worshippers of the gods, the per-

formers of austerities, the brave who have fallen in battle,f the bestowers of

liberal gifts,—are all said to be dwellers in that higher sphere. These glorified

saints, who ride in the same chariots with the gods, are supposed to be capable

of exercising an influence over the destinies of their descendants, to have the

power of hearing their prayers, and of granting them protection and riches.

They therefore share in the honours paid to the deities, are worshipped, like

them, with oblations, are petitioned for temporal blessings, and are supplicated

not to injure any one who has committed any offence against them.

The Rigveda contains no very explicit reference to future punishment ; but

the Atharvaveda speaks in one place of the nethermost darkness, and in another

text of hell.

In regard to Yama, see Professor Roth's paper in the "Journal of the German

Oriental Society," iv. 426 ff., which refers to all the principal texts on the subject;

and the same author's article, in the third volume of the " Journal of the American

Oriental Society," on the " Morality of the Veda," pp. 334 ff". See also Professor

* The later Indian writings hold out to the widow who burns herself on her husband's funeral

pile, the hope of rejoining him in heaven. See Colebrooke's " Misc. Essays," i. 116, f.

t In the Mahabharata (xii. 3657) it is declared that "thousands of beautiful nymphs
[Apsarases) hasten to meet the hero who has been slain in battle, exclaiming, 'Be my husband.'"
Again, at v. 3667, it is said :

" Behold, these shining worlds, filled with daughters of the Gand-
harvas, and yielding all manner of delights, belong to the brave."
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Max Muller's article, on " The Funeral Ceremonies of the Brahmans," in the

volume of the first-named journal for 1855, pp. xiv. ff., where many of the texts

which I have referred to are translated into German. I may now add the same

author's new volume of " Lectures on the Science of Language," 2d Series, pp.

513, ff., where he combats some of Roth's conclusions.

Goddesses of the Rigveda.

Of the female divinities occurring in the Rigveda, some have been already

noticed—viz., Prithivi, the Earth, the wdfe of Dyaus ; Aditi, the mother of the

Adityas, with Diti her counterpart ; Nishtigri, the mother of Indra ; Pris'ni, the

mother of the Maruts ; and Saranyu, the mother of Yama and the Asvins.

Of the other goddesses, the most important is Ushas, the 'hws, 'aws, or 'auw? of the

Greeks, and the Aurora of the Latins,* to whom twenty separate hymns, and

numerous detached verses, are dedicated. Of one of these hymns, some of which

are very beautiful and imaginative, a specimen was given in the paper which I

read before the Society last year.

Sarasvati also is a goddess of some, though not of any very great, importance in

the Rigveda. She is primarily, if not throughout, a river deity,f as her name, " the

watery," clearly denotes ; and in this capacity she is celebrated in a few separate

hymns, as well as in a number of detached passages. In one of these texts, as

well as in later works, allusion is made to sacrifices being performed on the banks

of this river, and of the Drishadvati ; and the Sarasvati, in particular, seems to

have participated in the reputation of sanctity which, according to a passage in the

Institutes of Manu (iii. 17 ff".), attached to the whole region lying between these

two. small streams, and situated to the w^estward of the Jumna. The Sarasvati

thus appears to have been (though in a less degree) to the early Indians what

the Ganges (which is only twice named in the Rigveda, and was not then regarded

with any special veneration) became at a later period to their descendants. When

once the river had acquired a divine character, it was perhaps not unnatural that

she should be regarded as the patroness of the ceremonies which were celebrated

on the margin of her holy waters, and that her direction and blessing should be

invoked as essential to their due performance and success. The connection into

which she was thus brought with sacred rites may have led to the further step

of supposing her to exercise an influence on the composition of the hymns which

formed an important part of the proceedings, and of identifying her with Vach

(the Latin Vox), the goddess of speech.

Sarasvati is frequently invited to the sacrifices, along with several other god-

desses, Ila, Bharati, Mahi, Hotra, Varutri, and Dhishana, who were not, like her,

* See Benfey's " Griecliisches Wurzellexicon, i. 27, and ii. 334.

f In the Erahmavaivartta Purana she is said to have been changed into a river by an impreca-

tion of the Ganga. See Professor Aufrecht's " Catalogue of the Bodleian Sanskrit MSS." p. 23.
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river nymphs, but (most of them, at least) personifications of some department of

religious worship, or sacred science. In many, or in most, of the passages where

Sarasvati is praised, her original character is distinctly preserved,—as, where she is

mentioned along with other streams, or characterised as the divinest of rivers, or

as one of the seven rivers, or as the mother of rivers, or as flowing pure from the

mountains to the sea, or as wearing away the hills on her banks with her impetuous

and resounding current. But she is also described as a purifier, as unctuous with

butter, as stimulating, directing, and favouring the prayers of the worshippers, as

riding on the same chariot with the oblations and with the sainted forefathers, as

bringing prosperity and riches, as the source of life, as affording perfect protec-

tion, as sheltering her votaries like a tree, as conquering enemies, or delivering

from them, as the wife of a heroic husband, as carrying a golden spear, as a slayer

of foes or of Vrittra, and as filling the terrestrial and intermediate regions.

In the later mythology, Sarasvati became the wife of the god Brahma, and is

regarded as the goddess of eloquence, in which capacity she is frequently invoked,

much in the same fashion as the Muses were by the Greeks.

The other goddesses of the Veda are not of much consequence. We have,

indeed, a Varunanl, an Indrani, and an Agnayi, who were regarded as the con-

sorts of Varuna, Indra, and Agni, and a Rodasi, who is said by Yaska to be the

wife of Rudra, all of whom might therefore have been expected to occupy posi-

tions corresponding to the rank of their respective husbands. Such, however, is

not the case. They play no such important parts as Juno and Minerva perform in

classical mythology. They are rarely mentioned ; except Indrani, they are never

associated with their husbands,* and no distinct functions are assigned to them.

We meet also with a few personifications, such as Sraddha, of religious faith

;

Nirriti, of evil; Aranyani, of sylvan solitude, &c. &c.

Though it thus appears that in the Vedic age there was no female divinity of

much importance, the case has been far otherwise in later times. Passing over

the consorts of Vishnu, and of his incarnate representatives, Rama and Krishna,

I need only refer to the spouse of Mahadeva, who, under the names of Uma, Par-

vati, Durga, Kali, &c., has held a prominent place in Indian mythology ever since

the age of the great Epic poems, who still continues to be one of the principal

objects of popular terror and adoration in all parts of India, and who is identified

by some of the Brahmanical sectaries with the great divine Energy from which

the creation of the universe is declared to have proceeded.

* In iii. 53, 4 ff. Indra is thus addressed :
—"A wife, Indra, is one's home ; she is a man's dwell-

ing : therefore let thy horses be yoked, and carry thee thither. But whenever we pour forth a libation

of soma, then may Agni hasten to call thee. Depart, Indi-a ; come hither, brother Indra ; in both

quarters thou hast inducements. Whenever thy great chariot halts, thy steed is unharnessed.

Depart, Indra, to thy home; thou hast drunk the soma; thou hast a handsome wife, and pleasure

in thy house. Wherever thy great chariot halts, thy steed should be unharnessed."
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From the above review, it is clear that there are but few of the Vedic gods

\vho can be certainly identified with any deities of the Greek and Roman mytho-

logies, by the double correspondence of names and functions. Of the numerous

divinities who were originally common to these three branches of the Indo-Ger-

manic family, the greater part became soon so extensively modified by one or

other, or all, of these races, after their separation from each other, that at the

dawn of history only two or three survived in such a form that we can without

hesitation afl&rm them to have preserved, in some measure at least, their original

character from the earliest times. These, as we have seen, are the Dyaus or

Dyaushpitar, the Varuna, and the Ushas of the Veda, corresponding with the

Zeus and Diespiter, the Ouranos, and the Eos or Auos, and Aurora of the Greeks

and Latins. The Indian Agni, too, is evidently the Latin Ignis ; but I am not

aware that any trace exists in Latin literature of the element of fire having ever

been worshipped under this name ; and the adoration of Agni may, perhaps, have

originated Math the Indians and Persians after they parted from their kindred

tribes. I need scarcely allude to Mitra or Mithra, who, though common to the

Indian and Iranian mythologies, was unknown in the West till his worship was

introduced from Persia.

Several of the remaining deities of the Veda, such as Indra, the thunderer,

Surya or Savitri, the sun, Vayu, the wind, Yama,* the god of the dead, corre-

spond in their functions with the Jupiter, Apollo, iEolus, and Pluto of the classical

writers ; but as the names of these parallel divinities do not coincide in the dif-

ferent literatures, the resemblances in their offices scarcely suffice, perhaps, to

establish any traditional connection between them, or to prove anything more

than a similarity in the mental processes by which these gods were severally

created. Between different systems of nature-worship, especially between the

systems prevailing among cognate races (even though they may have been long

separated), we may reasonably expect a general resemblance, as the great physical

objects and phenomena which are common to all countries, are also those to

which the process of personification is most naturally applied.

But it is not merely the primitive deities of the earliest Indo-European race

which have undergone modification. The gods of the Veda themselves were soon

subjected to a similar process, the most eminent among their number being, in

the course of time, reduced to a subordinate rank, while others, originally less

distinguished, were raised to the highest position. In the later mythology Varuna,

the noblest of the Vedic divinities, was stripped of his attribute of supreme

dominion, as well as of all his moral grandeur, and was only regarded as the god

* Yama's brother, Manu (who, as I have mentioned above, p. 573, note, is most commonly

represented in the Rigveda as the first man, or progenitor of the Aryan race), resembles in name the

Greek Minos, and the Mannus of the early Germans. See my paper on this subject in the " Jom'nal

of the Royal Asiatic Society," vol. xx. pp. 429 f.
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of the ocean. Indra continued, indeed, to be looked upon as tiie chief of the

Indian Olympus, but he became the monarch of the subaltern gods and goddesses

alone. Vishnu, who in the Rigveda is far less prominent than Indra, soon began

to eclipse his ancient comrade. In the systematic mythology of the Puranas,

he is the preserver, the second of the three persons in whom the divine nature

is represented, while his own special votaries identify him with the Eternal Spirit.

In like manner Rudra, who plays a subordinate part in the ancient hymns, be-

came, in later ages, the third person in the Hindu triad, and was exalted by

his own sectaries to the same supreme dignity which they allege is erroneously

claimed for his rival, Vishnu.

Note.—The passage regarding the original union, subsequent separation, and

consequent fecundity of heaven and earth, which I have quoted from Diodokus

SicuLus, 1. 7, in p. 552 of the preceding paper, finds a curious illustration in the

following extract from the " Aitareya Brahmana," which I cite according to Dr

Haug's translation, p. 308 :—" These two worlds (heaven and earth) were (once)

joined. (Subsequently) they separated. (After their separation) there fell neither

rain, nor was there sunshine. The five classes of beings (gods, men, &c.) then

did not keep peace with one another. (Thereupon) the gods brought about a re-

conciliation of both these worlds. Both contracted with one another a marriage

according to the rites observed by the gods."
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XLI.

—

The Lam of the Volumes of Aeriforms extended to Dense Bodies. By
Rev. J. G. Macvicar, M.A., D.D., Moffat.

(Read 18th April 1864.)

It is certain that the unities which constitute aeriform media, when they have

been fully separated from each other by an adequate temperature, and relieved

from excessive pressure, are all equal to each other in volume, whatever the

aeriform may be, either singly or in couples, or in pairs of couples, double pairs

of couples, &c., giving such ratios as 1:^:4:8, &c.

More than this cannot be affirmed, except by hypothesis or convention. But

this is a great deal. By this, many formulse justly entitled to the name of

rational (for they are representative of the molecules of bodies, both as to

quality and quantity), become probable. But the construction of such formulae

is limited to such molecules as can be raised into the aeriform state. And the

discovery of some such law in reference to such bodies as are permanently

dense, is at this moment a great desideratum in science; for the doctrine of

atomic volume, as insisted upon by some distinguished chemists, is beset with

endless embarrassments, and is, besides, plainly wanting in that simplicity and

breadth which belong to all laws which are really those of nature.

What the author here proposes is to show, that the same law which has been

discovered in reference to aeriforms holds good also in reference to dense sub-

stances— viz., that the molecules of which they consist, whatever the dense body

may be, are all equal to each other in volume, either singly or in couples, &c.

The method which he here adopts to prove this is, first, To construct out of

the least chemical units, or the aeriform elements of bodies, such molecules as

have the highest intrinsic verisimilitude in their favour; and, secondly. To show

that these molecules, as measured by their atomic weights, give the specific gravi-

ties as found by the balance,—the argument being the same in form as that which

has settled the question as to the volume of aeriforms.

By intrinsic verisimilitude, is meant the probable reality arising from that

fact which forms the basis of all demonstrated science— viz., that nature is a

dynamical system, or system of applied or concrete mathematics.

But to begin : In having to do with molecules, we have obviously to do with

structures in which the constitutive forces are in a statical condition. This suggests

at once, as the forms of molecules, the regular polyhedra of geometry, towards

an adequate discussion of which all Euclid's labours and the ancient geometry

aspired, and may I not say the modern geometry now again aspires. They are

only five in number, which, beginning with the most perfect, stand thus :

—
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The icosahedron,

The dodecahedron,

The octohedron,

The hexahedron,

The tetrahedron,

20 trigonal elements,

12 pentagonal elements,

8 trigonal elements,

6 square elements,

4 trigonal elements.

y or facets.

But it is with the more perfect, the two first named, almost exclusively, that

we shall have to do when treating of the primary molecules of bodies. When,

indeed, the elements forming into molecules are very volatile, then, instead of

the icosahedron (or icosatom), which is the form of culmination, but which

demands the simultaneous concurrence of 20 elements to construct one molecule,

we have the octohedron and tetrahedron, whose elements are the same as those of

the icosahedron, but which demand the concurrence of only 8 or 4. As to the

hexahedron, its sphere of development is not among the primary molecules of

bodies, but among those highly composite molecules, where crystallisation

begins.

It must be added also, that the cosmical element of aq or HO, which is here

(as is usual) taken as unity for specific gravities, is assumed to be (as indeed

aq and HO indicate) dimorphous; as is also its molecule of culmination, or

that which constitutes a particle (or unit-volume) of water ; the architectural

element of the latter, when it adopts the form of one of the regular polyhedra

(the dodecahedron), being not one but three atoms of HO. In other words, our

unit-volume of water consists of 36 atoms of steam or vapour, while most other

substances consist of 12 only, or 20 at the most. Hence, our constant divisor for

specific gravities is aq..^^, which we may write AQ, and whose weight on the hydro-

gen scale is therefore 9 x 36 = 324.*

Adopting the letter X, then, to represent any chemical unit whatever, and Y
and Z to represent dissimilar units, we immediately obtain as the molecules of

dense bodies Xg^ and X^^, and occasionally, among volatile substances, Xg and X^.

But here the grand law of chemistry, the law of differentiation, presents

itself to our regard. Dissimilars only unite chemically ; and the condition of

molecular stability or repose in the interior of a mass or medium is, that it be duly

differentiated internally. Hence, given X as material for molecular constructions,

we shall not only have X20 or X^.^, but as often as possible, and that in the same

* That an unit-volume or particle of water consists of three times the number of chemical units

or elements or minims, which other molecules in general consist of, is shown by the numbers of aeri-

form volumes which it and they respectively give. Thus, a volume of cold water gives from 1700 to

1728 volumes of steam, according to estimate, of which the third part is from 567 to 576. A
volume of alcohol, when its vapour is heated up to the temperature of steam, gives 570 volumes. A
volume of ether, supposing its aeriform units of volume to be dedoubled so as to assimilate it to

water and alcohol, gives, at the same temperature, 2 x 285"9= 572 volumes And so in other cases,

where at first sight there seems no relation. Thus, oil of turpentine gives, of the same tempera-

ture, only 193 volumes. But the formula of the unit of that liquid is C2oHjg= 4(C.H^). It

requires, therefore, to be multiplied by 3 to bring it up to the dodecatom, and render its vapour-

volume comparable with the others. Now, 3 x 193 = 679, near enough the others. Good experi-

ments in this field would be verv valuable.
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mass or medium, both of them either adjusted to each other binarily and most

stably as X.,oXj2, or inscribing and circumscribing each other as X32. For the

same reason, X^2 ^^ -^20' when they are forbidden to differentiate each other,

may both of them be differentiated by the addition of some dissimilar unit or units

on two opposite points of their forms to develope poles, and thus to impart unity

of direction in the functioning of the molecules ; for both the dodecahedron and

the icosahedron of geometry are in themselves isometrical. We thus obtain a

series of molecules of which we may tabulate the leading members (for the

sake of subsequent reference) as follows, adding the corresponding numbers

in the authorised chemistry, which always draws, and often quarters molecules,

as our forefathers did traitors, till one of the molecular constituents is reduced to

a single element.

Authorised Numbers. Examples.

Type («.) . . .
X,2

• •
. 12X . .X . . CI

', 0-) • ^20 • •
. 20X . .X . . s

„ (7-) . X Xj^X . . 14X • • . X . . K
» (3) • • ^ ^20-^ . 22X • .X . • Hg
„ (O .

• Y Xj„Y . . 10X + 2Y . 5X + Y . • CIO,

» iV . XYX^gYX . . 14X + 2Y . 7X + Y . . CIO,

„ in) .
YXY XjqYXY 12X + 4Y . . 3X + Y . . . C103

» (0-) . YXZ X^oZXY . 12X + 2Y + 2Z . 3XY + 3XZ . KSP + AISP.

These are the principal members of the first or lowest series of molecules.

But of these, others are composed according to the same laws. Thus we have

(^12)12' *^c.

Such views will not be thought altogether strange with regard to organic

molecules, the established formulae of many of which already give as many, nay

very many, more atoms as their constituents. But they will be thought very

strange in reference to merely chemical, metallic, and mineral bodies. I know
of no reason, however, to call for a break in the economy of nature in this respect

between one class of molecules and another, or to explain such a break, if it

really existed. And as the view here advanced is in favour of the unity of nature

and the simplicity of science, it can have nothing against it, except its novelty or

its inadequacy to explain phenomena,

1

To see how it stands in this respect, therefore, let us give a specimen of specific

' gravities, deduced a jyrioi^i by its aid, and compare them with the experimental

results obtained by the balance. And to anticipate the charge of special selection

of such as alone would serve my purpose, let us take the most familiar and

notable substances, whether of the laboratory of nature or of the chemist, some

I undecomposable bodies non-metallic and metallic, some acids, some salts, and

I
some stones. The reader is only requested to bestow his critical eye specially

i
upon those that are abundant in nature in the concrete state, and respecting

whose specific gravity there is no doubt.
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Undecompo sable Bodies.

Oxygen, 16; Sulphur, 32; Selen. 80; Tellur. 128.''

Of these the three last, as is Avell known, are most closely allied, and to all

appearance isomorphous. But they diifer remarkably in weight. Hence, of the

three, S, the lightest, alone can attain completely to the icosatom. The heaviest,

Te, can attain only to the octatom. While that which is intermediate, Se, give both.

Sulphur . G=^ =%^. =1-975. Expt. 1-98.

Tellurium . G = f^^ = _ -^ =632. Expt. 6
• 3.

^Se,o_ 80x20 _^.g^ \

2AQ 648

Selenium . G= ^

Se„ 80 x8 _-^ -c, ,.o -.o

|Ai= T62-='-^*-
j^-Pt- 4-3

. . .

4-8.

SesSe^o =4-44. 1

SegSe^oSe, =4-21. )

Oxygen does not belong to the same category as these three substances.

Oxygen is, in reference to sulphur, what fluorine is in reference to selenium.

Ozone, which is a name for oxygen in every state except that in which it

exists in the atmosphere (and probably for more), shows by the disappearance of

volume when it is generated, that oxygen is capable of the molecular or dense

state, though it cannot be thrown into this state by mechanical pressure. From

carbonic acid we may infer what the molecular form and specific gravity of

similarly condensed oxygen would be ; for all the habits of fixed air, compared

with those of oxygen, and all the relations between oxides and carbonates in

nature, lead us to infer that carbonic acid is not only isovoluminous with atmo-

spherical oxygen, and, like the latter, contains a couple of atoms of oxygen in one

normal or atmospherical unit, but differs from it only by carrying an atom of

carbon as a nucleus between the two atoms of oxygen (whence, of course, its

physiological relations must be completely changed). Now, with regard to

carbonic acid which has been condensed, the dodecatom gives

—

Carbonic Acid . G^^^^^= ^\l}^= -815. Expt. at zero, -803.
AQ 324 ^ '

* I have here taken the atomic weights of this group of bodies as it stands in the unitary nota-

tion. But I must hei-e add, that our molecular theory gives these numbers, not as atomic, but as

molecular weights, proper to the smallest regular polyhedron, viz., the tetrahedron, so that the S, Se

and Te of the unitary system are in ours, S^, Se^ and Te^, while the O of the unitary system, which is

truly an unit of oxygen gas, is in ours a coupled molecule= (Q), or Og. Sulphur as S^ exists free,

and unites with hydrogen and metals ; and, in a word, functions as 0. As S, on the other hand

(being the alternate or reciprocal form of 0), it unites with O, and when by itself forms an icosatom

820, which is of course also the nucleus of (8^)25 ; but S^q differs from (SJ,g, at least when secularly

consolidated, in possessing metallic lustre, and in being very stable, if not undecomposable. Its

existence as a separate substance has only been obscurely detected. But for the sake of reference,

it may be called Sulphurium ; its symbol 820= 8 x 20 = 160.
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Similarly condensed oxygen would therefore be only about 6. The molecule of

ozone appears to be the dodecatom and icosatom one= 632 = 4 vols.

Fluorine, 19 ; Chlorine, 35'5
; Bromine, 80 ; Iodine, 127.

Our theory of molecular structures is here at war with current atomic weights.

In our theory every atomic weight consists of five times as many units of weight

as there are units of number in the hydrogen scale ; and the elements of the same

substance from different regions of nature, and probably after different manipu-

lations in the arts, are apt to vary somewhat in the number of units of weight of

which they consist, their full weights being generally somewhat heavier than

those most recently adopted in chemistry. Thus the full weight of CI is believed

to be = 36, and of 1, = 128. But that by the way. This difference tells but very

slightly on specific gravities.

Chlorine.a=^=^^^= l-33. Expt. 1-33.

Bromine .0=^^= ^: =299. Expt. 2-99.

Iodine .G=-^=i^f4^= 4-74. Expt. 4-94 ?

If the experimental determination in the case of iodine be correct, it indicates

that some of the molecules are differentiated. (See type (y), p. 583.)

Phosphorus, 31 ; Arsenic, 75 ', Antimony, 120.

We may here take phosphorus last, in order to follow it by carbon, with

which it has many both physical and physiological relations.

Arsenic G=^A = ^^^i^= 5-6. Expt. 56 . . . 5-9.
^AQ 162 ^

, ,. _ Sbj,Sb22 120x14 + 22
ft. T, , „fi „-^Antimony G= 2\Q 648 =^'^- Expt. 66 . . . 67.*

It may be shown that when both an icosatom, either single, such as X^^, or

with poles, as X^.^, forms from the same element, such as P or C, which element

also forms dodecatoms, then the icosatom is much more open (as for instance to

the attacks of oxygen, and therefore far more combustible) than the dodecatom.

Hence, with regard to

Most combustible . G=x!^= '^, =1-913. Expt. 1 9 ... 2.AQ 324 ^

Phosphorus
P 31 X 12

Least combustible. G= —J-?. = -^r^^^= 229. Expt. 214. . . . 2-23.

P P .31 y 19 -»-2n
White (natural) . G=-=^^= ^^^^ =1-53. Expt. 152.

* The dodecatom and icosatom, when both are differentiated, that is X-XjgX, X X2qX= 36X
(the number of elements in AQ), gives, when divided by 2AQ, the same specific gravity as the com-
pound dodecatom (X^2)i2— ^ ^ ^^^ when divided by 8AQ.
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Carhon.

Like phosphorus carbon is an eminently allotropic substance, giving specially

these three forms (independently of those which are proper to organisation and

charcoal, which I shall not touch upon)
; first, the diamond ; secondly, an in-

combustible or less combustible residuum when diamond is burned ; and, thirdly,

coke and graphite. According to what has been stated, the diamond being a

mature product of nature, eminently stable, ought to have for its molecule a

structure differentiating itself, such as 0^2^.,^ or Cg^- The more combustible part

ought to be the open or circumscribing icosatom, C.,,,, leaving Cj^ as the residuum.

The icosatom ought also to be the molecule of coke and perhaps graphite.

Diamond . Q=^A^ = ^^2lJl±}^= ^.^Q, Expt. 3-55.
2AQ 648 ^

Unburnt Residuum G =^%o^= ^^|^^ =
2-67. Expt. 2 6? (Jacquelain.)

Coke . .
Qj^^n=}l^J^=,2-22. Expt. 1-8 .. . 2-3.

2AQ 648 ^

LiEBiG has proposed as the formula of Newcastle coal Co^H^gO. This is

obviously a dodecatom of CHC = C^H, moistened all over by an atom of HO on

each of the twelve points of the periphery. It is a good molecular formula;

but coal is not an individualised substance. Detach the moisture, however, to

obtain a pure hydrocarbon, and then impart to it stability in the current of che-

mical action by bestowing an atom of oxygen gas,

—

i.e., 20, on each pole, or

merely when — 16, and we obtain two of the most eminent products of the dis-

tillation of coal, our formulae being as usual the doubles of those usually given.

Benzene -^gp = ^Z, = "963. Expt. -956 (solid.)

^ , ,. ., C„,H,„0, 144-F124-32 , ,. t> . i ne^
Carbolic acid - ^* /A - =

^ao = 1
" 1 6 .

Expt. 1-065.

But these calculations are on the supposition that the entire mass or liquid

consists ofhomogeneously constructed molecules, ofwhich there is but little chance.

By simple additions of its own elements, CHC = C2H, instead of oxygens on the

poles, Benzene gives Toluole, &c., . . . Cymole. And it dedoubles into naphtha

(CH)^2 = 0^2 H121 or with H omitted on the poles, 012^10-

The element CH being the same in all, and the liquid differentiated to the full,

there may be,— /

(CH),o_140_
-i-AQ ~ 162

"

Naphtha G= ( ^^^%^2»^^^Ky^= '69 ) Mean -86. Expt. -86 . . . -90.

(CH),2_84^

^iAQ -80
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Every sort will soon proceed to dilferentiate itself, in spite of every process

which aims at obtaining it in a homogeneous state. The products of the most

careful fractional distillation probably continue to be what they are found to be

only for a short time. Some of these give exquisitely constructed molecules, as

for instance the distillate lately obtained by MM. Cahoues and Pelouse from the

rock-oil of America. Its formula is 0^2^!^^, which doubling, we obtain C^Ji.^^.,

plainly indicating, a dodecatom whose body is composed of naphtha with double

walls, and whose poles are atoms of marsh gas. Whence we can understand the

permanency of rock-oil in the presence of moisture and oxygen ; for it is on the

poles that chemical action mostly takes place ; and marsh gas (for a reason which

may be shown) is in all natural conditions secure from the attack of oxygen.

Moreover, this beautiful hydrocarbon seems to have succeeded in the hands of

its discoverers in gaining its way up to icosatomic molecules, each occupying no

less than 16 normal volumes. Thus,

—

Distillate of Rocl-oil .
Q^lgag^H V'C.H.),.^ j880j_»60^.^^^ .^^^

16AQ 16 X 324 ^

Many may be the molecular types developed by the reduction of the

naphthas, especially by the departure of hydrogen in greater quantity than car-

bon, and the introduction of nitrogen and oxygen instead. The most highly parti-

tioned, and the last which admits of being raised into the aeriform state, and thus

separated from the carbonaceous residuum and brought before the chemist, is an

element consisting of a single atom of H surrounded by five of C with an atom

of H on one pole, to carry it up. Its elementary formula is consequently CgH^.

But it is dissymmetrical. And in the aeriform state, with a normal or atmo-

spherical volume it must be Cj^^H^ ; and with a double volume, like most com-

pounds, it must be C2oHg. It is therefore the naphthalinic element. As the

terminal of one pole is H and of the other C, we may well infer that it is capable

both of the icosatom and the dodecatom. These give,

—

"^AQ^'^
^^394^^ ^-^'-^^^- ^^P*- ^"^^^ (Reichenbach.)

Naphthaline . G=
|

Mean 1-035. Expt. 1-048 (Ure.)

(C,H2)2o_ 600 + 40 _
V 2AQ ~ 2x324 ~ ''

If heat were gently applied and sufficient time given, and means of purification

existed, it looks as if, between naphtha and naphthaline, there might be obtained

the essential oils ; for their element is a combination of the type of marsh gas

with that of naphthaline with omission of the atom of H on the pole of the latter,

' which causes its dissymmetry. Or, the essential oil element is marsh gas CHHgC
= C2H^ with (CH)3, substituting Hg. But 3CH may be variously applied so as
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to give five elementary tj^pes, all different from each other, and the compounds

may be numberless. The first molecule is the tetrahedral (CjH^)^ = C^oH^g. This,

with half a normal or aqueous volume, or the octohedral molecule with one

such volume, or the icosatom with two, gives,—

Essential Oils G= ;

But when, in order to continued existence, greater stability is required (as in

drenching with chlorhydric acid) the dodecatom in some cases is constructed.

Thus, of cubeb camphor, the formula is Cj5Hj^2ClH=(C5H^)3ClH, a very usual

formula. When expanded, it gives type rj (p. 583). And calling C^H^^X, and

C1H=Y we obtain,—

YXY (X),„YXY. = X,,Y, or X,Y, or X3Y.

Camphor G = { ^&f^ = '''\ll''' = '^^- Expt. -99.

Sugar G = (&?^^= 12 x (72 + 11 + 88) ^^.^3 ^.^^ _ _ ^.^*
t 4AQ 4 X 324 ^

(iC,H^OJ^_60x^^_
4AQ 4 X 324

Acetic Acid G =

= •926.

I Mean 1-068. Expt. 1063 . . 1-065. Liquid.

(^&^Jh,^^A^\ = l.ni. Expt.M. Solid.
2AQ 2 X 324

This implies that the melted crystals of acetic acid consist of dodecatoms and

icosatoms in equal numbers—a complete differentiation, which also appears in

fCAIiMo _46x20|_
4AQ ~4x324

j

Alcohol G = )
Mean -796. Expt. -795.

_(C^H,0^,_46xl2| .332
Iv 2AQ 2 X 324 1

Ether is an eminently mobile liquid, and, when alone, seems to be constructed

like the essential oils.

Ether G =
iAQ ~ 162 •

•

Mean -742. Expt. 736.

(C^H,0)^„_ 37x20^
4AQ ~4x324

Metals.

We may here take the leading metals in the order of the simplicity of their

molecules.
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I. Metals.—Molecule the dodecahedron, either without or with the poles

marked
X^, or X {X\,-K.

the latter giving the specific gravity uniformly ^th heavier than the former.

^.^,. Li(Li),„Li 7 + 84 + 7 ^^ „ .„
Lithium \ A rr~— Tro = '60. Exp. -59.

_ ,. Na(Na),2Na 23 + 276 + 23 .^ _
Sodium AQ~~ 324

^ Exp. •97.

-, ^ . K(KX2K 39 + 468 + 39 _. ^ _
Potassium -\j^= ^ ^ 3^^

=-84. Exp. 86.

Magnesium ^?^^=^^^ = 1'76. Exp. 1-74.
'^ i-AQ 81lAQ

r(Ca),, 20x12

I

lAQ ~ 162
Calcium J -^ ^Mean 157. Exp. 1-57.

^ Ca(CaX,Ca^ 20x14^ [

i V- i

iAQ ~ 162 ~ "

J

One of our two icosatoms, though marked as differentiated, and consisting of

twenty-two elements, is completely isometrical, and in its atmosphere spherical.

It is therefore suitable for the liquid state at any temperature, as might be shown,

but for the necessity of avoiding here all morphological exposition.

Hff rHo-") Hff 100x22
Mercurv G=^ ,?2^^= -^P-f = 1 3 58. Expt. 13-59.lAQ 162 ^

* The relation between the atomic weights of these eminently active or basilous metals to each

other and those of the principal constituents of the crust of the earth is very interesting. Thus, esti-

mating their functioning by their respective attractions to the earth (their weights), the first, Lithium,

simply by doubling and doubling again, gives nitrogen, aluminium, and iron, disregarding fractions

in atomic weights, and taking the integers immediately above them,

—

2Li= 2x7 = 14= N, Si and Al
4Li= 4 X 7 = 28 = Fe, and its companions.

Then the sulphide or deutoxide of each gives the metal in the series immediately above,

—

Li =Li=7.
LiOg =Na= 7 + 16 = 23.

Na02=K =23 + 16 = 39.

Further, if we take Na at 24, and K at 40, which may be the primaeval unreduced or full weights
I of these elemental bodies, then, by dedoubling, we obtain weights to complete the series,

—

^=- = l.=M,

'Thallium, in our theory, comes out a composite metal, of the type X Xg^X. The body being sulphu-
rium, the poles sodium, all locked together.

Tl=NaS2oNa=23 + 160 + 23= 206, or 208.

VOL. XXIII. PART III. 7 U
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Let cold be urged so as to reduce the open icosatoms to the more compact
dodecatoms. Then,

—

Solid Mercury. G=^g=l^^^ = 14-8. Exp. 14-4.

II. Metals.—Molecule the icosahedron without or with the poles marked

X,„ and X (X,„)X.

Copper
<^)»Cu = 3_2><22^ 3.^ Exp.. 89.

^ Fe(Fe),„re 28x22 ^„ ^ ^_
^'"^ iAQ^=-8r-=^^-^- ^"P-7-^-

The formulae here, however, are equivocal, because the fine symmetrical com-

bination X^2^.^oXj2=:2 X X20X.

Here, too, they are equivocal, thus (Xj2X2 = 4(X X^2^,X X22X); that is. a

combination of dodecatom and icosatom both differentiated.

But this metal, in our molecular synthesis, comes out as composite. Also

some others; the metallic atoms in symmetrical relation, and locked into each

other by that structure which renders so many metals in the mass tenacious

and ductile. Our synthesis also presents some fine metals, which have not yet

been found in the separate state,—as, for instance, one bearing to selenium the

same relation that zinc does to sulphur. The metallic molecules are of the
j

type X X20X, or rather Y X^^Y.

Cadmium, .... Mg(Za)Mg= 12 + 32 + 12 = Cd 56.

Tin, Al(Zn) Al= 14 + 32 + 14= Sn60.

Lead, Mg(Se)Mg= 12 + 80 + 12=104 Pb.

Silver, Al (Se) Al= 14 + 80 + 14 = 108 Ag.

avoiding fractions in atomic weights.



EXTENDED TO DENSE BODIES. 591

Nolle Metals.

III. Metals.—Already differentiated by tlieir molecular structure, and there-

fore not urgently in need of oxygen or other element :

—

Type X^^X^^.

Silver G=^^=^-^^||±^«=10-6. Exp. 10-5.

Gold
(.^Au A„^.o^9 85><12 + 20

^^g.^^ ^^2.
^AQ 162 ^

Platinum G=^^^^ = ^^'^
^i^"^

-^ = 20-66. Expt. 20-8.
JAQ, 162 ^

Ai . .^ A1,,AL„ 13-75x12 + 20 ^_ t. x o r« „ ^„Aluminium G= -,^!^^° =
, ^^ = 2-7. Expt, 2-56 . . . 2-67.iAQ 162 ^

The construction of molecules might often be simplified by introducing the

doctrine of substitution supposed to take place in the act of reducing the metal

from its ore. Thus the element of ore in reference to the last is Al^Og. Suppose

that as fast as every atom of (or CI, or be what it may) is expelled, one of Al

takes its place, and we have as the metallic unit AI5.

(Al,),,_1375x_60_^-^Q"- 324 -^^*-

The Three Eminent Acids.

The glacial sulphuric acid shows its individualised character by its aptitude

for crystallizing.

Glacial Sulphuric acid,
^^^SAO^^^"

^
^^^23^x2^^

"^ ^'^^^-
-^""P*- ^'^^^ ^* 15°C.Playfair.

In the strongest oil of vitriol of commerce, MM. Gay Lussao, Marignac, and

BiNEAu found always ^V^h more than one atom of water. This indicates

strongest Sulph. Acid. G= <^M5k±JLO=I?i^+^9= 1.843. E.pt. 1 842.

The number of true hydrates, or symmetrically constructed molecules of oil

of vitriol SO3HO, or, as our notation gives it, SaqS (the least element of sulphur

being S=8, and the unitary equivalent a tetratom S^) is very great, the most
dilute being similar in structure to a particle of sea water or animal water, viz.,

one atom if symmetrical as C^H^N^O^, or SaqS, or a couple of atoms if dissym-
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metrical as ClNa as a nucleus, in a molecule of water of the type X X^.^X, viz., AQ
AQ^2^Q which gives about 1 per cent, of oil of vitriol. The next hydrate is when

we have a particle of water on each pole only, AQSaqSAQ, which gives about

7 per cent, of oil of vitriol. And this forms spontaneously in a damp atmosphere.

In hydrosulphuric acid we have S^ the tetratom, Avith H on each pole ; condens-

able under great pressure.

Sulphydric acid, ^^^'^=|^^^ =1-09. Forced Expt. about -9.

In sulphurous acid we have S^ partitioned as in sulphuric acid, giving as the

product of combustion of sulphur the element SO, heteropolar, and capable both

of the dodecatomic and icosatomic molecule ; also condensable only under

pressure.

Qii -^(80)12(80)20 16x12 + 16x20 __ „ ,^ ,^.Sulphurous acid, ^^

^-^f-^
—ij»— ^ = 1-58. Forced Exp. 1-45.

Resembling sulphurous acid in the dissymmetry of its element is chlorhydric

acid, HCl. But its weight is greater and its volume larger, the icosatom as is

most usual having double the volume of the dodecatom.

The most stable hydrate, that into which both weaker and stronger acids

resolve themselves by boiling, has for its authorised formula CIH + 16aq. Doubling

as usual, we obtain 2ClH + 32aq, or 2ClHaq + 30aq, i.e., lO(OHaqHO), leading to

the construction of the fine dodecatom,

^^ aqHCl(OHaqHO)i,ClHaq^ 9 + 37 + (27xl0) + 37 + 9
^.^..^^^ Expt. Mil.

The formula of nitric acid NO.HO when doubled, gives also a dodecatom.

But all its constituents are so bent upon the aeriform state, that the icosatom

cannot be constructed till the molecule is loaded with aq, as by continued boil-

ing. And even then it is so tender, that the discordant results of chemists

indicate a differentiated liquid, or a liquid struggling for stability by differen-

tiation. But the tetrahedron or octohedron is decided. Thus, taking the usual

formula,

—

„^ . , ., (NO,HO)„ 54 + 9x8 , _.
-r, . ^ ^^Nitnc Acid ^ f—-^z=: -— = l-5o. Expt. 155.

AQ 324 ^
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A Few Common Salts.

Table Salt (g^ ^ ^ST^S x 1 2 ^^.^^ ^-IS. Kopp.AQ 324 ^ ^^

with full atomic weights, it comes out 2-22. Expt. 2*22.

Sulphate of Soda (^^k.^^^Igj^^ ^2-62. Expt. 2-63.

Glauber's Salt is a fine molecule, the body composed of (aqHO)^^, the poles

SOgNaO ; formed into a dodecatom occupying 8 volumes, G=l-49. Expt. 1-47.

Sulphate of Potass <>=
( ^-^^^» =^^^° = 2-67. E.pt. 2-66.

r (NO,KO),, _
XT-. r- ) 2AQ -' '•

Witre ... ^-
^ Mean 2-08 Expt. 2-07.

V with poles marked= 2- 18

^
(N0,H0,NH3),,

\ 2AQ — J- iu

Nitrura Flammans . G=
^

j^^^^ j.g2 j,^^^ j.^

(^ with poles marked 1'75.

Sal ammoniac . G=
|

^

4AQ '
Expt. 1-5.

Ammonia, in our theory, in one of its forms is isomorphous with aqaq, or

double vapour, and affects the molecule am^g, like aqg^.

A Few Common Minerals.

As the attempt to show the structure of highly compounded molecules in

common writing is necessarily difficult, let us here take the shortest symbols

possible for the common mineral constituents, as for instance, S for SiO^, A for

AI2O3, F and F for FeO and Fefi^, and H for HO.

Quartz G=: ^-i^^ = ^-^^= 2-59. Expt. 2-5 ... 28.

The dodecatom with K instead of "S, gives G= 3-82. Expt. 8-87.

But as developed by nature, it may be,

—

Sapphire qA^12) + 'm^£)i2'^ =3-82 + 4-44 Mean= 4-12. Expt. 4-08.

j
But the same specific gravities are obtained by the finer molecule of the form

' X X X
~2A0^"' "^^^ ^^^^ molecules we are not to regard as too large, as is clearly

VOL. XXIII. PART III. 7 X
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shown by the very small percentages sometimes occurring in the analysis of

minerals. It is indeed usual to regard these small percentages as accidental

ingredients. But that will not do. Thus, prase is represented as quartz, with

about 2,9 per cent, of protoxide of iron as an accidental ingredient. But on

constructing that molecule, which seems to be the most prevalent in the crystal-

line world, viz., the compound dodecatom with marked poles, which, to show all

its constituents, may be expanded on the paper thus :
—

X (X),,X(X (X\,X),,X (X\,X,

29 per cent, of protoxide of iron just gives four atoms, one to differentiate each of

the two poles of the two polar dodecatoms, that is, to take the place of the sepa-

rate atoms of X in the above formula,

FlSX^F (S (S),,SX/ (s)i2F.

Nay, half this quantity, or 1-5 per cent, might enter into the symmetry of the

molecule. And so it may possibly be with Ti in rose quartz, as found by Fuchs.

But let us look to the grand products of nature.

The quartz molecule will tend to be differentiated more effectually than by an

element of its own kind on each pole of the dodecatom. And more especially,

we may expect ^ and K, or Na, or both performing this function and giving,

Kii( S)i.2iK, or (See Type ^)

K S a{ S )jol S K. (See Type 6)

Felspar^ ..'....'.. ^
^

[ =K202.A1^0g.l2Si02.

which last is the formula for orthoclase, in Watt's Chemical Dictionary (the

atomic weights of and of Si being here halved.) (See Art. Felsjyar). But both

the ratios of ingredients and the specific gravities show that, in order to explain

nature, we must rise from the simple dodecatom to the compound dodecatom.

Thus, the purest felspar or adularia gives,

G= ^^5iii#i^ = 2-59. Expt.2-53 . . . 2-58.
8AQ

Theory. Berthier.

C144Si02 4320 645 64-20 )

Adularia-^ 24AI2O3 1248 18-6 t8 40 I from St Gothard.

( 24KO J.148
16-8 1695 j

G= 8x324 )67r6(2'59. Expt.2-53 . . . 2-58.

But in order to show the substitutions which take place during further differ-

entiation and development, the above formula requires to be written out,

Ki(s)i.,IvK(Ki^(sX2^K),oKi(S)j2i^K.

Thus, let us substitute Na for K, in the polar dodecatoms, and we obtain,—

Nal^SX^'^^^^C^ ^ ^ '^)i2^ k)^oNaii( S )^2
'^ Na.
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Theory. Abich.

144Si02 4320 65-14 65-72 \

24A1,03 1248 18-82
> from Baveno.

20KO 940 14-17 1402 r
4NaO 124 1-85 1-25 )

= 8x324 )6632( 2-55. Expt. 2-5552.

(See Millar's Mineralogy/, p. 367.)

Felspar ~n

On the other hand, the smallest amount of differentiation that is possible on

the felspathic, is when we have S instead of K or Na, with only one atom of Li

on each of the twelve parts which constitute the compound dodecatom. This

gives,—
Theory. Plattner.

(-1568102 4680 766 7801 ^ „ ^„
Petalite J. 24A1,03 1248 204 18-86 I ^"T , \^-

( 12LiO 180 2-9 2-76 j
I'^^stor.j

G=8x324 )61U8( 239 Expt. 23-8 . . . 2-4.

But in all the felspars, the silica greatly overmatches the alumina. Instead

of a molecule of silica with an atom of alumina on each pole, the balance of

nature is rather the reverse of this, or at least, instead of Ai^)^.JL, it is S AS.

Thus, the clay which results from the unremitting application of the atmosphere

to the hard compounded rocks, and advances nature towards a vegetable kingdom,

has, for its element HSASH = Al2032Si02 + 2HO. We may, therefore, look in

nature for some abundant mineral in which the element of the body of the mole-

cule, instead of being S merely, shall be SAS. But such a molecule over all

its periphery must be wholly non-metallic, like quartz itself. Let us, therefore,

differentiate it by introducing more fully metallic matter of the same form. We
thus obtain the molecule,—

KSK (slsX^K SK,

26Si02

Common Mica ^l
r2A]203 392 390 ^ from Kimito.

I 4K0

But here small quantities of Fe.fi^, HO, and F, are neglected, and in this

region, differentiation is so active, that molecular construction becomes very

difficult, and indeed as variable as analyses.

Stability, simplicity, and facility of construction return, when magnesia and

lime are introduced.

ArragoniteG=
(Ca0Cy,„ ^28^22 x 20

^^_^^ ^^p^_ ^.^ _ .^
_

^ut as greater stability is urged, or spontaneously acquired, the icosatom must

tend to the dodecatom. Hence, a series of structures, giving G= 2-47 to 2-77, of
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which the most complete is, as usual, the compound dodecatom, which closely

written is,—

Calcite or Marble . G= ('^-»°«^^ii =M+%144 | ^^^ _ ^.^^
oACi o X 324 J

^

Limestone, as chemically conceived, seems a singular combination. But if we

could dedouble alumina and peroxide of iron, as we can dedouble limestone into

a protoxide, and a deutoxide, that singularity would disappear. Thus, Avritten

according to the law of symmetry or union by difference, carbonate of lime is

OCaOCO similar in structure to OAIOAIO, and OFeOFeO, &c. ; and for mineralo-

gical notation it might be written CaC like Jv, and W.

The fully differentiated phosphate (see type ^) gives.

Bone Phosphate P Ca P (Ca)io P Ca P = 4 (PO^SCaO).

the usual compound dodecatom occupying 8 volumes. Written with the usual

formula, we obtain for this substance.

^ ^ (P053CaO)i2 _ 71 + 84 xl2 _^,^rj^ And with poles marked 3-35. Mean 3-11. Expt. 3-1 . 3-2.
2AC^ "2x324

Purely magnesia minerals are rare, but as a mineral constituent, none is more

interesting or important than magnesia.
Theory. Walmsted.

14Si02

Olivine F S F (Mg S Mg)
j
, F S F = 24MgO

4FeO
324

420 40-2 40-1 ^

480 45-9 44-2 1 ,

144 13-8 15-3 J
^

)1044( 3-22. Expt. 3-3

from

Somma.

3-4.

It is not the symmetrical or septary element MgSiMg, however, but the

quinary combinations MgSi and CaSi, i.e. the sesquiform, so great a favourite with

nature, that are the great mineral constituents. They seem generally to form

into dodecatoms, the poles marked by the application of molecule to molecule, or

by the omission of an atom of the basic element, or by substitution of Fe for Mg

or Ca. Of these, the simplest symmetrical structure is that in which 2Fe serve

to unite 3 dodecatoms, the central consisting of CaS, and the lateral of MgS.

(MgS \^f (CaS )i2F (Mg S)^2 omitting from the six poles (Mg + Mg) (Ca + Ca) (Mg + Mg);

or written out,

—

S(MgSXoS,F, S(CaS),„S,F,S(MgS)ioS.

Hornblende .

( 36Si02

J 20MgO
• •

) lOCaO

( 2FeO

G= 2x324

Theory. Bonsdort.

1080 59-0 59-7 \

400 21-8 2M /

280 15-3 14-3 r

72 3-9 3-9 j

;i832( 2-82 Expt. 2-9

from Taberg.

3-4.



Theory. Kerstin.

( 36MgO
) 24Si02

24110
' 2FeO

720
720
216

72

41-7

41-7

12-6

4-2

41-5 )

40-3 / from
12*9 r Swartzenberg
4-1 )

G= 2x324 )1728( 2-66. Expt. 2-47 . . .
2-6.
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In talc, when most simple, the sole genetic element is MgSi ; molecules differ-

entiated by Fe. But here differentiation is too active for easy study, until the

elements settle into serpentine, to represent which a very interesting molecule

presents itself; the body, a sesquicombination of magnesia and silica, and the

whole surface hydrated magnesia, except the two poles, which are iron oxide.

F (aqli MgS Mg S Mg)i2 F.

Serpentine

And here I may close, conscious that these constructions are but the merest

approximations, and the rudest representations of the exquisite structures of

nature.

Still, it will not be denied, that to any one who has given his mind to the

preceding pages, they supply much for men of science to think about ; for in

this paper the specific gravities of between sixty and seventy of the most eminent

substances of nature and the laboratory have been deduced a prio7^i, have been

shown to be proportional to certain molecular numbers which are suggested by

pure geometry (and the law of differentiation), the same being supposed to

prevail all through nature. It is true that oiu' molecular numbers imply that

the formulae of mineral chemistry, and indeed of chemistry generally, are sub-

multiples (halves, quarters, or lesser elements) of the molecules of nature, as

nature is here conceived And this will necessarily be against the study of them

for a time ; as also the too short statement of them in this paper. But let the

thing be seriously looked into, and there can be no doubt as to the ultimate

issue.

VOL. XXIIl. PART in. 7 Y
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\hll.~-Biographical Sketch of Adam Ferguson., LL.D., F.R S.E.^ Professor of

Moral Philosophy in the JJninersity of Edinburgh. By John Small, M.A.,

Librarian to the University.

(Read 18th April 1864.)

The Memoir now submitted to the Society, while it details the chief events in

the life of a man who occupied a distinguished place in the literature of Scot-

land, at a period when it had attained a high reputation, cannot claim to be so

complete as might be desired. His life was prolonged for several years after

nearly all of his early friends had passed away ; and since his death many papers

have been destroyed or have fallen aside, which would now be of the greatest

interest.

Whilst in this way much has been lost that might have given greater com-

pleteness to these pages, still, the recent publication of the Diary of his friend Dr

Carlyle of Inveresk, has furnished many additional details, and afforded further

evidence of the estimation in which he was held by his literary associates.

Several letters selected from the lives of his distinguished friends, and from

the Manuscript Collection of the University, in addition to information derived

from the short notices of his life already printed, have afforded the materials for

preparing this sketch of one, whose career was more varied, while his public

labours and literary connections were not less important and extensive, than

those of any of his contemporaries.

Dr Adam Ferguson, son of the Rev. Adam Ferguson, minister of the parish

of Logierait, Perthshire, was born in the manse of that parish on the 20th of

June 1723. His father was descended from an old and respectable family in

Athole, to whom the estate of Dunfallandy yet pertains ; and his mother was the

daughter of Mr Gordon of Hallhead, in the county of Aberdeen. In the female

line Ferguson traced a connection with the noble family of Argyll, thus referred

to in a letter addressed to him by Dr Carlyle of Inveresk :
" I am descended

from the Queensberry family by two great-grandmothers—much at the same

distance as you are from that of Argyll."*

Adam was the youngest son of a numerous family. His father had been

minister of Crathie and Braemar from 1700 to 1714, and was long remembered

with gratitude for having sheltered in his manse of Crathie some of the unfortu-

nate Macdonalds on their flight from the treacherous massacre of Glencoe. Just

before the Rebellion of 1715 he was translated to Logierait, where he passed the

* MSS., University of Edinburgh.
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remainder of a long life, discharging his ministerial duties with exemplary piety

and firmness. Although the parishioners were at the period of his induction

almost universally hostile to Presbyterian principles, he speedily secured general

respect, which he retained till his death in 1754.

Ferguson received his earlier education partly at home under the tuition of

his father, who had soon discovered his son's superior abilities, partly at the

parish school of Logierait. He was afterwards sent to Perth, where he attended

the classes of Mr James Martin, rector of the grammar school, a distinguished

teacher, who had numbered amongst his pupils the great Lord Mansfield.

There he was committed to the charge of his relation, William Ferguson, a

merchant, and at one time chief magistrate of that city. At the Grammar
School of Perth Ferguson excelled in classical literature, and especially in the

composition of essays ; and we learn that his themes were not only praised at

the time, but were long preserved, and shown with pride by Mr Martin, who

declared that none of his pupils had ever surpassed the writer.

In 1738, when he had just entered on his sixteenth year, Ferguson was

enrolled at the University of St Andrews, where he studied Latin under Pro-

fessor Young, and Greek under Professor Pringle. The classes were then ably

superintended by Principal Tullidelph, to whom Ferguson had the advantage

of being recommended by his father's friend and namesake, the minister of

Moulin.

At the commencement of the session, Ferguson gained by competition one of

the foundation bursaries, which are tenable during the curriculum in the Faculty

of Arts, and which entitled him to maintenance at the College table. This he

owed to his previous excellent training in Latin. His attention was now given

to the study of Greek, of which, hitherto, he seems to have had little knowledge

;

and that so successfully, that at the end of his first session he read Homer with

considerable ease. During the summer recess he resolved to read one hundred

lines of the Iliad daily, and in this way perused the whole poem. He obtained

his degree of M.A. on the 4th May 1742, when he had nearly completed his nine-

teenth year; and thus finished his curriculum in arts with the reputation of

being one of the best classical scholars, and perhaps the ablest mathematician

and metaphysician of his time at the University.

Having been intended by his father for the church, Ferguson entered the

Divinity Hall at St Andrews in 1742, under Principal Murtson and Professors

Shaw and Campbell ; but shortly afterwards he removed to Edinburgh, and con-

tinued his course under Professors Gowdie and Gumming. There he joined a

number of young men who afterwards attained to eminence—amongst whom

were John Home, author of ' Douglas;' William Robertson, afterwards Prin-

cipal of the University ; Hugh Blair ; Mr Wedderburn, afterwards Lord Lough-

borough ; and Dr Carlyle—in forming a debating society. This club after-

I
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wards became merged in the Speculative Society, which still exists in unimpaired

eflBciency.

Ferguson, while not neglecting the study of divinity, applied himself less to

it than to those subjects of philosophy for which he showed special aptitude, and

in which he was afterwards to become so celebrated. In 1745, when he had

attended divinity classes for two only, out of the full period of six, years—the

time then required before obtaining license to preach—he was offered the ap-

pointment of deputy chaplain to the 42d regiment, or " Black Watch," by Mr

Murray (brother of Lord Elibank), who was principal chaplain. For this appoint-

ment his knowledge of the Gaelic language was an important qualification. The

rules of the Church allowed Gaelic students to be taken on trials after four years'

attendance at the Divinity Hall ; but it was necessary, in Ferguson's case, to

obtain from the General Assembly a still farther dispensation. The Assembly,

in consideration of his good character and high testimonials, granted special

authority for his ordination, and he was ordained by the Presbytery of Dunkeld

on the 2d of July 1745. A few days after this he joined his regiment, then

serving in Flanders ; and in a short time he obtained, on the retirement of Mr

Murray, the rank of principal chaplain.

We are informed by Dr Carlyle, that it was through the influence of the

Duchess Dowager of Athole that Ferguson obtained his appointment as chap-

lain to the 42d Regiment. " Her son, Lord John Murray,* had obtained the

colonelcy of that regiment when he was not more than twenty-two years of age

;

and the Duchess had imposed the very difficult task upon Ferguson, to be a kind

of tutor or guardian to Lord John,—that is to say, to gain his confidence, and

keep him in peace with his officers, w^hich it was difficult to do. This, however,

he actually accomplished, by adding all the decorum belonging to the clerical

character to the manners of a gentleman ; the effect of which was, that he was

highly respected by all the officers, and adored by his countrymen, the common
soldiers."

Shortly after Ferguson joined his regiment, the battle of Fontenoy took place,

in which he behaved with the greatest bravery. In that battle, according to the

account of the French themselves, " the Highland furies rushed in upon them

with more violence than ever did a sea driven by a tempest." Ferguson went

into action at the head of the attacking column, with a drawn broad-sword in his

hand, and could with difficulty be persuaded to retire to the rear.f Colonel

David Stewart, author of the " History of the Highlanders," remarks, that he

continued with his regiment during the whole of the action, in the hottest of the

* Lord John Murray—son of John Duke of Athole by his second marriage—was appointed

colonel of the Royal Highlanders on April 25, 1745 ; major-general in 1753 ; lieut.-general in

1754; and general in 1770.

f Sir W. Scott's Miscellaneous Prose Works, vol. xix. p. 331.
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fire, praying with the dying, attending to the wounded, and directing them to be

carried to a place of safety. The Colonel further remarks, that Ferguson, " by

his fearless zeal, his intrepidity, and his friendship towards the soldiers (several

of whom had been his schoolfellows at Diinkeld) ; his amiable and cheerful man-

ners, checking with severity when necessary, mixing among them with ease and

familiarity, and being as ready as any of them with a poem or a heroic tale,

acquired an unbounded ascendancy over them; and while he was chaplain of the

corps he held an equal, if not in some respects a greater, influence over the minds

of the men than the commanding officer."*

While he was connected with this regiment, he published a sermon, which

was his first contribution to literature. It is entitled— A Sermon preached, in

the Ersh Language^ to His Majesty's First Highland Regiment of Foot, commanded

hy Lord John Murray, at their Cantonment at CamherweU, on the 18th day of

December 1745, being apjyointed as a solemn Fast. Translated into English for

the Use of a Lady of Quality in Scotland, at whose desire it is now published }

This sermon, printed at the request of the Duchess Dowager of Athole, with

whom Ferguson was a particular favourite, is more remarkable for the vigour of

its patriotic exhortations than for the elegance of its language, and contains

strong denunciations of the attempt made in the year 1745 to seat Prince

Charles on the throne of Britain.

With this gallant regiment Ferguson served during the whole of the cam-

paign in Flanders ; and on the peace of Aix-la-Chapelle, he obtained leave of

absence, and visited the scenes of his youth, where he spent much of his time in

wandering amongst the Perthshire mountains. AVriting to an intimate friend at

a subsequent period, he says, "' If I had not been in the Highlands of Scotland.

I might be of their mind who think the inhabitants of Paris and Versailles the

only polite people in the world It is truly wonderful to see persons of ever}'

sex and age, who never travelled beyond the nearest mountain, possess them-

selves perfectly, perform acts of kindness with an aspect of dignity, and a perfect

discernment of what is proper to oblige. This is seldom to be seen in our cities,

or in our capital ; but a person among the mountains, who thinks himself nobly

born, considers courtesy as the test of his rank. He never saw a superior, and

does not know what it is to be embarrassed. He has an ingenuous deference for

those who have seen more of the world than himself; but never saw the neglect

of others assumed as a mark of superiority." %

With a desire to obtain a more permanent and more congenial sphere of use-

fulness, Ferguson applied for the living of Caputh, a beautiful parish near Dun-

keld, in the patronage of the Duke of Athole. He was not, however, in all

* Hist, of the Highlanders, vol. i. p. 292. f Lond., 1746. 8vo. + MSS. Univ. of Edin.
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respects qualified for discharging the duties of a Scottish clergyman. Although,

by his polished manners and his great abilities, he took a prominent part in pri-

vate society, he was deficient in the gifts necessary for the popular preacher. His

sermons were elaborate disquisitions, showing more acquaintance with systems

of philosophy than with the wants of common hearers.* He was unsuccessful

in his application for this living ; and when the death of his father (whom he

had hoped to succeed) took place shortly after this disappointment, he abandoned

all intention of undertaking the duties of a parochial charge. He continued to

remain attached to his regiment, during its service in Ireland, till about the year

1754, when he resigned his commission.

The knowledge of military affairs thus acquired by his service in the army

enabled him to give so much distinctness and liveliness to his descriptions of war

in his ' History of the Roman Republic,' that it is remarked by Carlyle, that

he was excelled, in this respect, by no historian but Polybius, who was an eye-

witness of so many battles. His military service also proved beneficial to him

by opening up a wide field for the observation of human character, and gave him

enlarged opportunities of studying the political phenomena of the period.

After resigning the chaplaincy of the 42d Regiment, Ferguson spent some

time in Holland with his friend Mr Gordon, and resolved to give up all thoughts

of further exercising the clerical profession. Writing to Adam Smith from Gron-

ingen, in October 1754, he concludes by requesting a reply to be addressed to him

at Rotterdam, " without any clerical titles, for I am a downright layman."f

Shortly after this, Ferguson returned to Edinburgh, where he renewed his

acquaintance with the friends of his youth. As David Hume had at this time

given up his appointment of Keeper of the Advocates' Library, he became a

candidate for the ofl&ce, and was appointed Hume's successor as Librarian and

Clerk to the Faculty on the 8th of January 1757.

While he was connected with that Library, Ferguson became a member of

the Select Society, which had been instituted in 1754 by Mr Allan Ramsay,

the eminent artist. The meetings of the Society were held weekly in one of the

inner apartments of the Library, and were for the purpose of literary discussion,

* The following anecdote illustrates their character :
—" Sometimes he lent or presented a sermon

to his friends. One of them one day preached a very profound discourse on the superiority of per-

sonal qualities to external circumstances, that showed a very thorough acquaintance with the doc-

trines of Plato and Aristotle. Mr Bisset (his father's successoi-), in whose church the gentleman

delivered this sermon, was at first greatly surprised at hearing such observations and arguments

from a worthy neighbour, whom he well knew to he totally unacquainted with the philosophy of

Plato, or any other, ancient or modern. When service was over, he paid the young man very high

encomiums on his discourse—that it very much exceeded the highest expectations he had ever enter-

,
tained of the talents of the preacher ; who told him very honestly that he knew very little about

these things himself, but that he had borrowed the discourse from his friend Adam Ferguson."—
Histor. Mag. (1799) vol. i. p. 44.

f This interesting letter is in the possession of the Rev. Mr Cunningham, Prestonpans.
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philosophical inquiry, and improvement in public speaking. This Society exer-

cised an important influence in diffusing a taste for letters in Scotland, and it has

been remarked, that " the classical compositions of Hume, Robertson, Smith, and

Ferguson, the writings of John Home, of Professor Wilkie, of Lord Hailes, Lord

MoNBODDO, Sir John Dalrymple, the elder Mr Tytler, all members of the

Select Society of Edinburgh, have thrown a lustre on that institution, as marking

the commencement of a literary era, which it is doubtful if the succeeding times

have yet seen surpassed."*

Ferguson, shortly after entering on his duties in the Library,! "^^s solicited to

undertake the education of the sons of Lord Bute. Hume, in a letter to Gilbert

Elliot, of Minto, states, that he had some scruples with regard to accepting this

appointment, as he Avas to have the charge of more than one boy, and adds, " I

hope Lord Bute will conform himself to his delicacy, at least if he wants to have

a man of sense, knowledge, taste, elegance, and morals, for a tutor to his son."

Having arranged satisfactorily the terms of his engagement with Lord Bute,

Ferguson seems to have left his office of Librarian rather abruptly, for,

according to the Minutes of the Faculty of 3d January, 1758, "it was repre-

sented to the Dean and Faculty that Mr Adam Ferguson, who in January last

had been constituted Library-keeper and Clerk to the Faculty, had gone from this

place some time ago, and had left behind him a letter demitting said offices, so

that the Faculty had now neither a Librarian nor a Clerk ; by whatever omission

or neglect, it happened that the said letter of demission had neither been pre-

sented to the Dean nor laid before them. And the same thing being affirmed by

divers members, after reasoning on the matter at good length, the Dean and

Faculty declared the said offices to be vacant, notwithstanding that the said

demission had never been presented."

Ferguson was succeeded in this office by Mr William Wallace, advocate,

elected at the meeting above referred to.

Before giving up his connection with the Advocates' Library, Ferguson

attracted considerable attention by a pamphlet which he wrote in defence of John

Home, author of ' Douglas,' who had incurred the censure of the Presbytery of

Edinburgh by the publication of his celebrated tragedy. This pamphlet, entitled

The Morality of Stage Plays seriously considered,^ was published anonymously,

and was admitted on all hands "to be the only piece on that side that was

written with any tolerable degree of discretion." Home was one of Ferguson's

most intimate friends, and it is not surprising that Ferguson was led into taking

an active part in the controversy which the publication of ' Douglas' occasioned.

Home had at this time resigned his parochial charge, to avoid the persecution to

* Life of LordKAMES, vol. i, p. 175.

f Like his predecessor Hume, Ferguson enjoyed tlie moderate salary of L.40 per annum.
+ Edinburgh, 1757, 8vo.
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which he was subjected by the Church, while his tragedy was received on the

Edinburgh stage with the most enthusiastic applause. Along with Principal

Robertson, David Hume, and Dr. Blair, Ferguson had taken a deep interest in

the attempts of Home to have his 'Douglas' properly brought before the public,

and it has been stated that it was privately rehearsed by these gentlemen, in the

lodgings of Mrs Sarah Ward (one of Digges' company), in presence of some of

the most distinguished literary men of Scotland.*

From his friendship with David Hume, and Adam Smith, then Professor of

Moral Philosophy in the University of Glasgow, who were well aware of his

extraordinary accomplishments, it was now proposed that Ferguson should be

promoted to a Chair in one of the Scottish Universities. At this time the in-

fluence of Lord MiLTONjf the political agent of Archibald Duke of Argyll, was

paramount in the patronage of almost every oflflce of emolument and dignity

in Scotland. Even in the exercise of the patronage of the Chairs in the University

of Edinburgh, so jealously guarded by the Town Council, the influence of Lord

Milton was so strong that Provost Drummond, one of the most meritorious and

public-spirited benefactors of the community over which he presided, did not

find himself at liberty to promise any preferment at the disposal of the Town
Council, without Lord Milton's consent being obtained4 Under such a system,

it is not surprising that Professorships might not only become matters of private

arrangement, but, as it would appear by the following letters, even attainable by

the payment of considerable sums of money. From the terms of these letters,

preserved in the Royal Society,§ it was accordingly contemplated to transfer

Adam Smith to the Chair of the Law of Nature and Nations in the University of

Edinburgh, then expected to become vacant by the retirement of Professor Aber-

CROMBY, and to appoint Ferguson to the Chair occupied by Smith at Glasgow.

" Hume to Adam Smith."
" Sth June 1758.

" Dear Smith,—I sit down to write to you, along with Johnstone
;|| and as

we have been talking over the matter, it is probable we shall employ the same

arguments. As he is the younger lawyer, I leave him to open the case, and

* The following was the cast of the piece on that occasion :
—" Lord Randolph, Dr Robertson

(Principal) ; Glenalvon, David Hume (Historian) ; Old Norval, Dr Carlyle (Minister of Mussel-
burgh) ; Douglas, John Home (the Author) ; Lady Randolph, Dr Ferguson ; Anna (the Maid), Dr
Blair (Minister, High Church)."

" The audience that day, besides Mr Digges and Mrs Ward, were the Right Hon. Patrick Lord
Elibank, Lord Milton, Lord Kames, Lord Monboddo (the two last were then only lawyers), the
Rev. John Steele and William Home, ministers."

—

Edinburgh Weekly Chronicle, 21st January,
1829. Dr Carlyle corroborates this statement so far in his Diary, p. 311.

f It has been stated that in 1742 Ferguson was Secretary to Lord Milton, and lived with
him in that capacity for some time, at Brunstain House, near Edinburgh.

—

Chambers's Journal,
No. 60, 1855. J Sommervill's Life and Times, p. 380.

§ Hume's Life by Burton, vol. ii. p. 45.
j|

Afterwards Sir William Pulteney.
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suppose that you have read his letter first. We are certain that the settlement

of you here, and of FERGuso>f at Glasgow, would be perfectly easy by Lord

Milton's interest. The prospect of prevailing with Abercromby is also very

good ; for the same statesman, by his influence over the Town Council, could

oblige him either to attend, which he never would do, or dispose of the office for

the money which he gave for it. The only real difficulty is then with you.

Pray, then, consider that this is perhaps the only opportunity we shall ever have

of getting you to town. I dare swear that you think the difference of place is

worth paying something for, and yet it will really cost you nothing. You made

above L.lOO a-year by your class* Avhen in this place, though you had not the

character of Professor. We cannot suppose that it will be less than L.lOO after

you are settled. John Stevenson ;t and it is John Stevenson makes near L.150,

as we are informed upon inquiry. Here is L.lOO a-year for eight years' purchase

;

which is a cheap purchase, even considered as the way of a bargain. We flatter

ourselves that you rate our company at something ; and the prospect of settling

Ferguson will be an additional inducement. For, though we think of making

him take up the project if you refuse it, yet it is uncertain whether he will con-

sent ; and it is attended, in his case, with many very obvious objections. I be-

seech you, therefore, to weigh all these motives over again. The alteration of

these circumstances merit that you should put the matter again in deliberation.

I had a letter from Miss Hepburn, where she regrets very much that you are

settled at Glasgow, and that we had the chance of seeing you so seldom. I

am, &c."

" P.S.—Lord Milton can with his finger stop the foul mouths of all the roarers

against heresy."

" Hume to the Rev. John Jardine."
Without date.

" Rev. Sir,—I am informed by the late Rev. Mr John Home that the still

Rev. Adam Ferguson's affair is so far on a good footing, that it is agreed to refer

the matter to the Justice Clerk, whether more shall be paid to Mr Abercromby

than he himself gave for that Professorship. Now, as it is obvious that in these

kind of references, where the question is not of law and justice, the circumstances

of the person are to be considered, I beg of you to inform my Lord of the true

state of the case. Ferguson must borrow almost the whole sum which he pays

for this office. If any more, therefore, be asked than L.IOOO, it would be the

most ruinous thing in the world for him to accept of the office. I am even of

opinion, that if any other method of subsistence offered, it were preferable to

this scheme of paying the length of L.IOOO ; at least such would be my senti-

ments if the case were mine.

* Smith had lectured on Belles Lettres in Edinburgh in 1748.

t Professor of Logic.
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" If the Justice Clerk considers the matter aright, he Avill never agree to so

unreasonable a demand as that of paying more ; and I hope you will second

these arguments with all your usual eloquence, by which you so successfully

confound the devices of Satan, and bring sinners to repentance.—I am, Rev. Sir,

your most obsequious humble servant."*

The negotiations above referred to were unsuccessful, and Mr Abercromby

was succeeded in the Chair of the Law of Nature and Nations by Mr Robert

Bruce in 1759.f

The long wished for opportunity of obtaining for Ferguson an academic

appointment soon after occurred, for a vacancy took place, in 1759, by the death of

Dr John Stewart, Professor of Natural Philosophy in the University of Edinburgh

.

The Town Council, who were the patrons of this Chair, after consultation with the

ministers of the city, appointed Ferguson on the 4th of July of the same year.

Ferguson immediately began to prepare his lectures, so as to be ready to

conduct his class when the University session was opened in October. Notwith-

standing the shortness of the time at his disposal, he was so successful in his

teaching, that " David Hume said Ferguson had more genius than any of them,

as he had made himself so much master of a difficult science,—viz., natural

philosophy, which he had never studied but when at college,—in three months,

so as to be able to teach it."t

In 1760, Ferguson was instigated by Dr Carlyle to publish a little volume,

to which the following quaint title was given,

—

The History of the Proceedings

in the Case ofMargaret, commonly called Peg^ only lawful sister to John Bull, Esq.%

The object of this publication, which went through two or three editions, was

to turn into ridicule the opposers of the Scotch Militia Bill, which had been

rejected in the preceding session of Parliament. The Act of Parliament by which

the militia of England was constituted did not apply to Scotland, as, on account

of the Rebellion of 1745, and the still existing jealousy of the Jacobites, Govern-

ment had felt alarm at the proposal to extend to the sister kingdom a measure

which should put arms into the hands of those who might turn them to revolu-

tionary purposes. This jealous feeling towards Scotland was the cause of con-

* Hume's Life, by J. H. Burton, vol. ii. p. 47.

t It may here be mentioned, that the Professorship of the Law of Nature and Nations—the

patronage of which was vested in the Crown—was then a sinecure, and was abolished in 1832. It

has however, been again revived as the Chair of Public Law, by the Universities' Commissioners of

1858. X Carlyle's Diary, p. 283.

§ Lond. 1760, 12mo.—It may be interesting to those who possess this curious little volume,

which (from its having been published anonymously) has sometimes been attributed to Swift, to have

the following key to the principal characters referred to in it :

—

John Bull, England ; Sister Peg,

Scotland ; Nurse, Lord Hardwicke ; Jowler, Mr Pitt ; Hubble Bubble, Duke of Newcastle ; Boy
George, George Townshend, Esq. ; Bumbo, Lord President Dundas ; M'Lurcher, The Highlanders

;

Sir Thomas, The King ; Gilbert, Sir Gilbert Elliot, Bart. ; Squire Geoffrey, The Pretender ; Small

Trash, Charles Hope Weir ; Lick Pelf, Earl of Hopetoun ; James, James Oswald, Esq. ; Suckfist,

General Watson.
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siderable agitation in Edinburgh, and called forth several pamphlets, none of

which, except that of Ferguson, are now deserving of attention.*

Ferguson and the other members of the Select Society, which had been insti-

tuted in 1754 for the promotion of philosophical discussion, but which was now
in a declining state, in 1762 revived it in a different form, as a means of agitating

the militia question, and keeping alive the flame of patriotic feeling. To this

new society was given, at the suggestion of Ferguson, the name of the " Poker

Club," which numbered among its members nearly all the literati of Edinburgh

and its neighbourhood.!

This Club continued in existence till 1784, when from various causes it

dwindled away, without achieving the object for which it was instituted,—viz.,

the extension of the Militia Bill to Scotland. It was not till 1 793 that the

Government agreed to place Scotland on the same footing as England in regard

to an establishment so essential for the safety of the country.

As the salaries allowed at this time to the Professors in the University of

Edinburgh were very small, it was not uncommon for them to receive into their

families the sons of noblemen and gentlemen while they attended the University.

From the reputation which Ferguson had now obtained, he was, in 1763, en-

trusted with the education of the Honourable Charles and Robert Greville, the

sons of the Earl of Warwick, whose eldest son, Lord Greville, had been educated

under the care of Principal Robertson. These young gentlemen remained with

him for some years, and always retained a lively sense of the benefits they

received under his care. The connection thus formed was of great service to

Ferguson, as it brought him more immediately to the notice of many persons of

rank, and the fame he acquired shortly afterwards by his writings greatly ex-

tended his influence among his contemporaries.

Whilst these young noblemen were residing with him, Ferguson employed

me of his most promising students, who afterwards became a very distinguished

nan, to aid him in superintending their studies. This was John, afterwards Sir

loHN M'Pherson, Governor-General of India, who always acknowledged that it

was to his intercourse and co-operation with Ferguson that he owed most of his

knowledge and success in life.

Ferguson also took a warm interest in James M'Pherson, the translator of

Ossian, who, in 1760, had anonymously published his "Fragments of Ancient

Poetry, collected in the Highlands of Scotland."! A curious incident which

occurred about this time, with reference to the Ossianic Poems, will be subse-

quently noticed.

* An account of the manner in wliich this singular work was written is given in Carlyle's

Diary, page 407 ; and an interesting letter of Hume, in which he avowed himself as its author, is

given in his Life, by .T. H. Burton, vol. ii. page 88.

j- See Carlyle's Diary, page 419.

J Along with Patrick Lord Elibank, Principal Robertson, Dr Blair, and J. Home, Fergu-
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He continued Professor of Natural Philosophy for about five years, and con-

ducted his class in a manner which gave universal satisfaction. By adapting his

lectures to the capacities of his students, he contrived to render his subject more

attractive than it had been hitherto considered, and he also published for the

use of his class a short analysis of his Course.

The study of Ethical and Political Philosophy, however, in which he had dis-

tinguished himself as a young man, had always a greater attraction for Ferguson

than the physical sciences, and on the transference of Professor Balfour, of

Pilrig, to the Chair of the Law of Nature and Nations in 1764, Ferguson was

elected his successor as Professor of Pneumatics and Moral Philosophy. About ten

years before this, when Mr Cleghorn, the predecessor of Mr Balfour, was on his

deathbed, he urged Ferguson to apply for this ofi&ce, for which he conceived him

to be particularly qualified. " Mr Cleghorn, after expressing his regret at not

having influence with the patrons to secure such an arrangement, added, as

Ferguson sometimes related with much emotion, ' I cTan only say of you as

Hamlet did of Fortinbras, He has my dying voice.'' " *

On being appointed to this Chair, which had long been the object of his am-

bition, Ferguson applied himself to its duties with the greatest activity, and his

lectures were attended not only by the regular students, but by the most dis-

tinguished men of the country.

Within little more than a year after his appointment he published his Essay

on the History of Civil Society, -^ which contributed to raise him still more in the

estimation of the public. This celebrated work, a portion of which had been

written several years previously, had been, in 1759, submitted in manuscript to

the critical opinion of David Hume, as a ' Treatise on Refinement.' Hume gave it

his approval, and stated that with some amendments it would make an admirable

book, " as it discovered an elegant and a singular genius."

The ' Essay ' was again submitted in its finished state to Hume, who now
recommended Ferguson's friends to prevail on him to suppress it, as likely to be

injurious to his literary reputation. Hume had heard an opinion expressed, by

the French philosophers Helvetius and Saurin,! with which he at the time

concurred, that the fame of Montesquieu's 'Esprit des Lois' would not be

lasting. As Ferguson's Essay may be regarded to a certain extent as a com-

mentary on Montesquieu, Hume, perhaps, hastily adopted the same opinion with

regard to the work of his friend. When he found that the general opinion was

favourable to the work, he heartily joined in the congratulations which Ferguson

now received.

SON made zealous efforts to induce M'Pherson to promote his further researches for the discovery of

ancient Gaelic Poetry, and he took part in a meeting convened by Dr Blair, in 1760, to provide

funds for the purpose of enabling M'Pherson to do so.

—

Browne's Hist, of the Highlands, vol. i. p. 43.
* Encyc. Brit. Suppt. vol. iv. art. Ferguson. f Edinburgh, 1766. 8vo.

J Hume's Life, by J. H. Burton, vol. ii. p. 387.
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Writing to the author, in February 1767, he says :— " Dear Ferguson,—I hap-

pen'd yesterday to visit a person three hours after a copy of your Performance was
open'd for the first time in London. It was by Lord Mansfield. I accept the

omen of its future success. He was extremely pleas'd with it ; said it was per-

fectly well wrote; assured me that he would not stop a moment till he had

finished it, and recommended it strongly to the Perusal of the Archbishop of

York who was present. Tho' I set out with reluctance, I do not repent my
journey. Direct to me at Miss Elliot's, in Brewer's Street. I have not seen

Smith ; Judge of my hurry."*

In another letter to Ferguson he says, that he had " met with nobody that

had read it who did not praise it. Lord Mansfield is very loud to that purpose

in his Sunday Societies. I heard Lord Chesterfield and Lord Lyttleton ex-

press the same sentiment ; and what is above all, Caddell, I am told, is already

projecting a second edition of the same quarto size." f

Writing to Dr Blair, Huisie further remarks,—" I hear good things said of

Ferguson's book every day. Lord Holderness showed me a letter from the

Archbishop of York, where his Grace says, that in many things it surpasses

Montesquieu. My friend, Mr Dodwell, says, that it is an admirable book,

elegantly wrote, and with great purity of language. Pray tell to Ferguson and

to others all these things." X

Writing to Principal Robertson from London, on the 19th March, Hume makes

the following interesting statement :
—

" Ferguson's book goes on here with great

success. A few days ago I saw Mrs Montague § who has just finished it with

great pleasure. I asked her, Whether she was satisfied with the style ? Whether

it did not savom* somewhat of the country? 'Oyes,' she said, 'a good deal;

it seems almost impossible that any one could write such a style except a

Scotchman.' "
i|

Dr Beattie of Aberdeen, writing to the Poet Gray, on 30th March, states,

—

" A Professor at Edinburgh has published an Essay on the History of Civil Society,

but I have not seen it. It is a fault common to almost all our Scottish authors

that they are too metaphysical. I wish they would learn to speak more to the

heart and less to the understanding ; but alas, this is a talent which heaven only

can bestow ; whereas the philosophical spirit (as we call it) is merely artificial,

and level to the capacity of every man who has much patience, a little learning,

and no taste."^

* His hurry was so great that he apparently had not time to sign the letter. It is in the pos-

session of D. Laing, Esq.

•j" Encyc. Brit. Suppl. vol. iv. art. Ferguson.

I Life of Hume, by Burton, vol. ii. p. 386.

§ The elegant author of an Essay on the genius of Shakespeare,

II

Stewart's Works, vol. x. p. 223.

% Gray's Works, vol. ii. p. 295.
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Gray, in reply to Beattie, thus refers to the Essay of Ferguson :
—" I have

read over (but too hastily) Mr Ferguson's book. There ai3 uncommon strains

of eloquence in it ; and I was surprised to find not one single idiom of his country

(I think) in the whole work. He has not thefault you mention ; his application

to the heart is frequent, and often successful. His love of Montesquieu and

Tacitus has led him into a manner of writing too short winded and too senten-

tious, which those great men, had they lived in better times and under a better

government, would have avoided."*

Besides the interesting letters relating to the publication of this valuable

work, which are to be found in the lives of Hume and Lord Kames, the following

letter from the Baron D'Holbach to Ferguson is very characteristic :

—

" Sir,—I receiv'd with the deepest sense of gratitude the undeserv'd favour of

your kind letter dated the 3d of March ; tho', your valuable work is not yet come

to my hands according to the orders you were so good to give your Bookseller in

London, I shall expect the favour you intended with thankfulness, and even with

patience ; having had the good fortune of getting the perusal of a copy belonging

to an acquaintance of mine. I found it answering completely to the high opinion

I had conceived of your great abilities and ingenuity, by the testimonies given of

you by Mr Andrew Stewart, Colonel Clerk, and several other gentlemen from

your country, with whom I have had the pleasure of conversing in this place. Tho'

you don't seem to set a high value on theory, it must necessarily precede practice,

and I think that given in your grand performance, by enlightening the human

mind, may contribute to render their practice better ; for I don't despair of the

perfectibility of mankind : I believe they have been mere children in matters the

most important for them. I am of opinion that the greatest part of our distresses

arise from our ignorance, and give me leave, Sir, to tell you sincerely, that I am
persuaded that your valuable work is, and will be, very able to dispel the foggs

that hang over our understandings. We are always indebted to great men for

useful inventions, that are the fruits of their invention and theory. What they

have found out with a great deal of trouble, becomes by and by popular ; and by

degrees truth, when become general, influences the general p»actice, even in

spite of those who think it their interest to keep mankind in the dark. As to the

virtues that preserve nations, or at least put off long their decline, I believe they

must be the effects of learning ; when morality shall be clear'd, or rescued from

the hands of those who have made it their study to render it obscure. I think

every individual will be more virtuous, and even the powerful movers of men will

find it their own interest in governing according to the rules of reason. I have

the honour to be, with the highest consideration, Sir, yours, &c.,

" Paris, 15th of June, 1 767-1 " D'Holbach."

* Gray's Works, vol. ii. p. 295. f MSS. University of Edinburgh.

VOL. XXIII. PART III. 8 C
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The praise with which this Essay was received was well deserved, as it was

the result of a great amount of research into the history of ancient and modern

times, and of a remarkable knowledge of the springs of human action. The

author considers the condition of man, under various forms of government, at

different periods, and traces him through the several steps from his first rude

efforts at civilization and arts, to a high state of politeness and refinement. The

gradual efforts of the human mind, rising from the simple perceptions of sense to

the heights of moral and political knowledge, are delineated in elegant and

classical language. Dr Reid had about two years previously published his ' En-

quiry into the Human Mind;' a work which was the first systematic attempt to

carry out in the study of human nature the same plan of inductive investigation

which had conducted Newton to the properties of light and to the law of gravita-

tion. Ferguson was the first to applaud Reid's success, and his Essay on Civil

Society is to be regarded as one of the earliest applications of the same method

of research to the development of society and to national policy.* Ferguson was

of opinion that mankind should be studied in groups, and that all speculation as to

their progress should relate to entire societies, and not to single individuals. In this

point of view, he discusses the subjects of self-preservation, war and dissention,

intellectual powers, moral sentiments, happiness, and national felicity. In the

treatment of these important subjects, Ferguson particularly endeavours to in-

culcate that the happiness of man consists in the exercise of his faculties as a

member of society, and with the view of promoting public utility ; that the power

of states depends principally on the national character and public spirit, which are

counteracted and sometimes annihilated amongst modern nations by selfishness

and by the spirit of commerce. Adopting the views of Montesquieu, he ascribes

to climate and situation a great influence on the literature, commerce, and policy

of nations ; and justly observes that man has always attained to the principal

honours of his species under the temperate zone. He further considers the laws

which ought to regulate political establishments, and is of opinion that these,

while they may vary according to the diversities of character and circumstances,

should not interfere with that firm and resolute spirit, with which the liberal

mind is always prepared to resist indignities, and that the power of restraint

should be exercised in an inverse proportion to the general knowledge and virtue

of a people.

The enthusiasm of his own nature may be traced in his opposition to despotic

governments and to political slavery. He viewed with solicitude the tendency to

despotism which characterised some of the military governments of the continent,

and he expresses his fear of a renewal of those revolutions so frequently described,

which out of the ruins of several nations form those colossal powers always fatal

to liberty and to the wellbeing of man.

* Stewart's Works, x. p. 261.
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On the whole, this Essay must be regarded rather as an exposition of general

principles, than an application of these principles to particular instances. It is

defective in so far as the subject of religion, which in every age has had so con-

siderable an influence on society, has been omitted. But, notwithstanding its

defects, it must be admitted that the disquisitions which it embraces have as

much interest at the present time as they had one hundred years ago, because

they trace the same affinities between man and man, generation and generation,

in the delineation of common passions, affections, and desires. To say that

human society is modified by our present circumstances, and affected by the pro-

gress of modern civilisation, is only to render it still more amenable to those laws

of moral and intellectual symmetry which regulate the destinies of our species,

and which Ferguson has with much ingenuity attempted to evolve.

The fame which Ferguson had now acquired, and the connection he had

formed with many persons of influence, led to suggestions of higher preferment.

The following letter from his friend Colonel (afterwards General; Clerk, brother

of Sir James Clerk of Pennicuik, shows that at this time he was regarded as a

suitable person to fill some political office. The Colonel had pressed him to dedi-

cate his Essay to Lord Shelburne, but this was declined, and the book appeared

without any dedication :

—

" To Adam Ferguson, Esq.

—

r. clerk." " London, October I0^A,1766.

" I have not wrote you for some time. I suppose that your book is printing.

Lord Shelburne told me one day that he supposed Governor Johnson would not

perhaps return to West Florida, as he is coming home, and sayd, that he saw no

reason why he should not offer the government of it to you. I answered that I

should write to you of his kindness for you long before it should be an object of

deliberation, but that I thought you would be happier in your present situation,

and more independent, for the other was uncertain, though, in the common way
of thinking in the world, it was a great favour. Besides, I thought that you was
of more service to mankind where you was. He laughed at me. We shall have

time to consider of this. However, it shows Lord Shelburne' s kindness for you,

and good opinion of you. You asked my opinion upon a subject which I shall

give you when at leisure.—Yours affectionately."

In 1766, Ferguson revisited Logierait, and delighted the villagers by his re-

j

collections of themselves and their kindred, while they, in their turn, were no
' less proud of the distinction attained by the son of their former pastor. This was
, also the year of his marriage to Miss Katherine Burnet of Aberdeenshire, the

amiable niece of Professor Joseph Black. This union was one of unmingled hap-

piness to both, till it was broken by the death of Mrs Ferguson in 1795.

Among the many allusions to Ferguson, contained in the Diary of his friend

Dr Carlyle, we learn that he and Ferguson had, about ten years before this.
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paid, their addresses to the same lady, but without success. Carlyle has not

favoured us with the name of the lady, who must have possessed manj'- attrac-

tions ; but he remarks, that " after having rejected rich and poor, young and old,

to thenumber of half a score, she gave her hand, at forty-five, to the worst tem-

pered and most foolish of all her lovers, who had a bare competency, and which,

added to her fortune, hardly made them independent. They led a miserable life,

and parted, soon after which he died, and she then lived respectably to an ad-

vanced age.

In December 1766, Ferguson received the honorary degree of LL.D. from the

Senatus Academicus of the University of Edinburgh.

He also published, in the same year, a short syllabus of his lectures, entitled,

Analysis of Pneumatics and Moral PMlosoj)liy . For the use of the Students in the

College of Edinburgh. This work was afterwards enlarged, and published as

the Institutes of Moral Philosophy,—a book which was found so useful, that it

was translated into French, German, and Russian, and was made a text-book in

several foreign universities. It exhibited a clear outline of his Course.

About the close of the year 1773, Ferguson was solicited to undertake the

charge of the education of Charles, Earl of Chesterfield (nephew of the celebrated

Earl), by his guardians Lord Stanhope,* Mr Hewitt, and Sir George Saville.

The offer of this appointment was made by Lord Stanhope in the most compli-

mentary terms on the recommendations of Dr Adam Smith,! who endeavoured

with great earnestness to induce Ferguson to accept of it. The young Earl was

then in his nineteenth year ; and it was proposed that he should travel on the

Continent for several years, under the charge of Ferguson, who by his care was

expected to make up for the neglect of the Earl's previous instructors.

At the present time it may seem strange that such a proposal should have

been seriously entertained by any one holding a Professorship in the University

;

* Editor of Dr Robebt Simson's posthumous works.

f Writing to Smith with reference to this appointment, Ferguson alludes to Beattie's cele-

brated Essay on Truth, and the corpulence of Hume, in the following letter. Beattie's " Essay on

the Nature and Immutability of Truth in opposition to Sophistry and Scepticism," was so popular a

work, that in four years five large editions of it were sold off. It was first published in 1771; and

the letter of Ferguson refers to the 3d edition, which appeared in 1773 :

—

" Edin. Sept. 2d, 1773.
" My Dear Sir,—I am told that Dr Beaty, or his party, give out that he has not only refuted

but killed D. Hume. I should be very glad of the first, but sorry for the other ; and I have the

pleasure to inform you that he is in perfect good health ; if he had been otherwise I should have

certainly mentioned it in some of my letters. He had a cough, and lost flesh, soon after you went

from home, which we did not know what to think of, but it turned out a mere cold, and it went off

without leaving any ill effects ; he has still some less flesh than usual, which nobody regrets, but

in point of health and spirits I never saw him better. You seemed to doubt whether I should not

write to Lord Stanhope. I had inclination enough, but was not so decided as to send my letter to

himself without putting it in your power to withhold it if proper, and therefore I stayed for a frank

;

what is disagreeable is, laying him under the obligation to make a ceremonious answer, and, if he be

gone, subjecting him to Continental postage, so you will judge. I have not seen J. Ferguson, but

he must acquiesce.—I am, dear Sir, most affectionately yours, Adam Ferguson."
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but the emoluments from his Chair were at that time so small, and the terms

offered by the Earl,—an allowance of L.400 a-year during the Earl's minority,

and an annuity of L.200 for life—were so tempting, that Ferguson, not without

some hesitation, undertook the responsibility. His reasons are fully given in the

following letter to his friend Adam Smith :

—

" Edinburgh^ January 2dd, 1774.

" My Dear Friend,—It has given me great pleasure that you have avoided

doing anything that might tend to urge Lord Stanhope farther than he has

already gone in the proposal respecting Lord Chesterfield. If I had known the

part he took in that business, I should certainly at first have either frankly

accepted of the offer made me, or declined it in a way that could not imply an

intention to raise the terms. This is certainly the only alternative that is now
left me. I have revolved the subject all night and this morning, and the possi-

bility of my becoming a burden on Lord Stanhope's family weighs much, but the

odds on Lord Chesterfield's life is so great as very much to reduce that consi-

deration. My place here, a few years ago, was worth about L.300 a-year, but

this and the preceding year it has fallen considerably short ; and while the pre-

sent alarm of the scarcity of money, and the expense of education at Edinburgh,

continues, it may not rise again to its former value. To this I must add, that in

case of debility or old age, 1 shall probably be reduced to my salary, which is no

more than L.lOO a-year. For these reasons I think that I can fully justify myself

to my family in accepting of L.200 a-year certain, with the privilege of choosing

my place and my occupations ; and if my Lord Chesterfield's guardians should

be of opinion that he ought, when he comes of age, not only to relieve my Lord

Stanhope of his engagement, but likewise, in case I shall have acquitted myself

faithfully and properly, to make some such addition to my annuit}?" as I men-

tioned, I shall then likewise think that I can justify my conduct to the world,

who rate men commonly as they do horses, by the price that is put upon them.

But of this I would not have the least hint to my Lord Chesterfield at present.

I have so far proceeded without consulting anybody, and have formed an opinion

subject to correction. I mean to read jouy letters, and this I am writing to one

or two of my friends. If they approve, it shall go to you ; and if you agree with

me, be so good as intimate my resolution to the guardians of my Lord Chester-

field ; or, if you have any objections of moment, delay it till I shall have heard

from you. My own present feeling is, that I should be to blame if I omitted

putting myself and family under the protection of persons so worthy and so

respectable, when I have an opportunity of doing it without any real hazard to

my interest But I shall not enter on this subject, my heart, indeed, being too

,full, especially with respect to Lord Stanhope. I am, &c., Adam Ferguson."*

Having, through Adam Smith, arranged satisfactorily the terms of his engage-

* MSS. University of Edinburgh.

VOL. xxiii. PART in. 8 D
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ment with Lord Chesterfield, Ferguson prepared for his travels on the Con-

tinent. He accordingly, in February 1774, wrote to the Town-Council, as Patrons

of the University, requesting permission to name persons to teach his Classes

during the remainder of the session, viz. Dr James Lind, for the Natural Philosophy

Class,* and Professor Bruce for that of Moral Philosophy. The Council, however,

refused to consent to this arrangement, and ordered that Ferguson should teach

in person during the remainder of the session.
*

Notwithstanding the refusal of the Town Council, Ferguson joined his pupil

in London at the close of that winter session of the University, in the belief that

the Provost and the greater part of the Council would be disposed to sanction his

absence for the subsequent session.

When that session, however, commenced in the following October, the Council

appointed Professor Bruce to conduct the class of Moral Philosopy, and took

steps to punish the contumacy of his colleague. Accordingly, in April 1775, they

passed the following act :
—

" The Council, considering that upon the IGth of

February 1774, they had refused an application of Mr Adam Ferguson, Professor

of Pneumatics and Moral Philosophy in this city's University, where he requested

that he might be allowed to substitute proper persons in what remained of his

business in the College that winter ; and also considering, that notwithstanding

thereof he has deserted his office, and come under engagements incompatible

with his discharging the duties thereof; and the act of the 23d of May 1764,

electing Mr Adam Ferguson into the said office being read, the Council did, and

hereby do, rescind the said act of Council, with all that has followed thereupon,

and declared the said office of Professor of Pneumatics and Moral Philosophy in

the University of this city vacant.'"!

Whatever may now be thought of the propriety of this step of Ferguson, still

it had not been without precedent in the history of the University. His friends

in the Senatus Academicus gave him their support, and he took measures to

vindicate his conduct, and to stay the somewhat arbitrary proceedings of the

Town Council. The following notes for his defence, drawn up by his friend

Dr Blair, are interesting, as showing his warm sympathy with his colleague :

—

" Mr Ferguson, on his going away, engaged one of his colleagues, Mr Bruce

lately elected Professor of Logic, to supply his place in teaching this winter.

" He wrote a letter to the Town Council, begging leave of absence for one

season, and proposing Mr Bruce to be allowed by the Council to teach in his

place. This letter, indeed, was not delivered ; because the member of Council to

whom it was addressed, upon its being mentioned to him, advised, as more for

Mr Ferguson's interest, that it should not be presented.

* On the death of his relation Mr Russell, Ferguson had undertaken the additional duty of

teaching the Natural Philosophy class during sessions 1773, and 1774.
•j- Dalzel's Hist, of the University of Edin., vol. ii. p. 445.
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" But by a minute of the Town Council in the beginning of winter, Mr Bruce

was appointed to teach in Mr Ferguson's place. As this gave the sanction of

the Council to the substitute whom Mr Ferguson proposed, it was considered by

him and all his friends, as equivalent to giving him leave of absence for this

session, and he had not the smallest apprehension of any intention to deprive

him of his office, without at least giving him warning of his danger.

" On Wednesday last, 5th April, just upon the close of the session, the Town

Council, upon a motion made by the Provost concerning the impropriety of pro-

fessors in the College strolling through the country as governours, found the office

of Professor of Moral Philosophy vacant, and were desired to have their thoughts

on a proper person for filling it up ; and this without any summons given to Mr
Ferguson to attend, or any intimation whatever made to him or any of his

friends.

"The Professor of Moral Philosophy, by his Commission from the Town Council,

holds his office ad mtam aut culpam must not the culpa, therefore, be first pro-

perly found, and the Professor summoned to see what he can say in his defence,

before he can legally be deprived of his office ?

" The words of King James' Charter respecting the power which he gives the

Magistrates over the Professors are,
—

' cum potestate imponendi et removendi ipsos

sicuti expedive^^it ^'' Do these words authorise every arbitrary and wanton exer-

cise of power over the Professors ? Or does the clause sicuti eocpediverit restrain

it to what is profitable, and expedient, and fit ?

" Do not the words in the charter which immediately precede these ' avisa-

mento tamen minist7^orum eorum^ connect with the words before quoted, and

was not the amsamentum necessary to have been taken on this occasion ?

" Mr Ferguson has not only for many years, ever since he was elected Pro-

fessor, regularly discharged all the duties of his office, but in the session imme-

diately preceding this, when the Chair of Natural Philosophy became vacant in

the beginning of the session, taught both the classes of Natural and Moral

Philosophy.

" Sir John Pringle, who was a predecessor of Mr Ferguson's in the same
Chair, went abroad when in that office as physician to the army, and for a year

(or for years, uncertain which) taught his class by a substitute without quarrel,

until he thought proper to demit.

" The Professor of Mathematics has been absent for two years, and taught his

class by his son without quarrel.

" Dr Drummond was elected two years ago by the Town Council, Professor of

the Theory of Medicine, and has never appeared to discharge any of the duties of

his office, which for two sessions have been discharged by substitutes without

quarrel, and no step taken for finding the office vacant.

" When Mr Ferguson, after being absent only for five months, is suddenly
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deprived of his office, Avithout any requisition given him to attend, without any

communication previously made to the Principal, or any members of the Univer-

sity, but the intention of depriving him kept profoundly secret till the moment of

its execution, does not this plainly indicate that the Town Council did not seek

to bring back Mr Ferguson to the discharge of his office, but had formed a design

to turn him out with a view to bestow his office on another ? and can such

violent and unjust proceedings towards an eminent Professor and a respectable

University be warranted by law ?
" *

These grounds of objection to the harsh measure of the Town Council were

embodied by Ferguson, in an application to the Court of Session for a bill of

suspension of the sentence of deprivation,! which had the desired effect of

causing the Council to rescind their act, and restore the Professor to the peace-

able enjoyment of his office.

The tour which Ferguson made with his pupil Lord Chesterfield through

France and other parts of the Continent, although it brought about this disagree-

able quarrel with the Town Council, proved highly advantageous to his improve-

ment. In a letter to his friend Adam Smith, he thus describes the pleasure

which his appointment afforded him,
" Geneva, June Is^, 1774.

" My Dear Smith.—You see I have taken full benefit of the time you allowed

me to form my opinion of this situation, and have the pleasure to inform you

it is in most material circumstances very agreeable. I was received with great

politeness, and continue to be treated with sufficient marks of regard. I have

found not only vivacity and parts as I was made to expect, but likewise good

dispositions and attachments, servants all of an old standing, and become friends

without any improper influence or disorder that I have yet observed. I was

made to expect great jealousy of control, and set out with a resolution to employ

no other than what a sense of my great regard might give me. It is likely that

a person of a different character was expected, and the disappointment, I believe,

has had a good effect. My journey hither furnished no adventures worth

relating. My Lord Stanhope's being at Paris gave me access, for the few days I

stayed, to some very respectable and agreeable company, in which I was, ques-

tioned concerning you, particularly by the Duchess D'Enville, who complained

of your French, as she did of mine, but said that before you left Paris she

had the happiness to learn your language. I likewise met with your friend,

Count Sarsfield, to whom I had great obligations, and if you write I beg that

you will thank him, &c. &c. Adam Ferguson.":}:

Ferguson, and his pupil Lord Chesterfield, after residing for some time at

Geneva, returned to London in the Spring of 1775, and the following interesting

* MSS. University, Edinburgh. f Ably drawn up by Ilay Campbell, afterwards Lord President.

+ Ibid.
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letter addressed to Dr Carlyle, gives an account of their proceedings while on

the Continent :

—

" Blackheath, April 29th, 1775.

" My dear Carlyle,—In answer to the two or three letters which you have

written to me, I can give you five or six which I had written in my own mind to

you, before I received any of yours. The first was from Geneva, where, having

had the advantage of lodging in Calvin's own house, and having access to some

of his most secret manuscripts, I thought myself, without vanity, qualified to

give you some light into the more intricate recesses of our Church. My second

was from Ferney, the seat of that renowned and pious apostle, Voltaire, who
saluted me with a compliment on a gentleman of my family who had civilized

the Russians.* I owned this relation, and at this and every successive visit

encouraged every attempt at conversation—even jokes against Moses, Adam and

Eve, and the rest of the Prophets— till I began to be considered as a person who,

tho' true to my own faith, had no ill humour to the freedom of fancy in others.

As my own compliment had come all the way from Russia, I wished to know

how some ofmy friends would fare, but I found the old man in a state of perfect

indifference to all authors except two sorts—one, those who write Panegyrics,

another who write Invectives on himself. There is a third kind, whose names

he has been used to repeat, fifty or sixty years, without knowing anything of

them—such as Locke, Boyle, Newton, &c. I forgot his competitors for fame, of

whom he is always either silent, or speaks slightingly. The fact is, that he reads

little or none, his mind exists by reminiscence, and by doing over and over what

it has been used to do. Dictates tales, dissertations, and tragedies ; even the

latter with all his elegance, tho' not with his former force. His conversation is

among the pleasantest I ever met with ; he lets you forget the superiority which

the public opinion gives him, which is indeed greater than what we conceive in

this Island. But he is like to make me forget all the rest of my letters. The

third was from the face of a snowy mountain in Savoye, higher than all the

mountains of Scotland piled upon one another, and containing more eternal ice

in its recesses than is to be found in all Scotland in the hardest winter. The

bottom of this ice is continually melting in the valleys, like the bottom of a roll

of butter placed on end in a frying pan. It is perpetually creeping down from

the mountain, where fresh snows continually fall in snotters. Masses come down
from the mountains sometimes, and shake all the rocks with a force that nothing

but an earthquake can imitate, and drive the air out of the narrow valleys with

the force of a hurricane, that roots up trees on the opposite hills. I wrote you

this letter in the full belief that you are a great natural philosopher, and disposed

* Ferguson's ' Institutes of Moral Philosophy,' having been translated into Russian, was
used as a Text-Book in the Russian universities.
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to believe every word I say. My fourth letter was written from the innermost

parts of Swisserland, on a Sunday afternoon, when I saw the militia exercise.

They have uniform clothes and accoutrements all at their own expense, which is

not a great hardship, for it is their only public burden. They appear to me to

be a very effective military establishment, and as they were the only body of

men I ever saw under arms on the true principle for which arms should be

carried, I felt much secret emotion, and could have shed tears. But to conclude,

my fifth and last letter was from the neighbourhood of this place, where

everything, from a pair of snuffers to the Venus of Medicis, and the great

Diana of the Ephesians, is better provided than anywhere else ; where every

one is busily enjoying, and no one thinks whence it came nor how it is to be

kept. I thought to have finished all my letters here ; but as a frank will carry

another sheet, I shall take room, at least, to sign my name. As I have already

written you five letters, and this new sheet may pass for another, you will please

to observe that you are, at least, four letters in my debt. I am much obliged to

you for your goodness to my wife and my bairns. If I live to return to them,

we shall not part so easily again. You may believe I was much surprised at the

attempt of the Town Council to shut the door against me ; but am obliged to

them for opening it again. I may be a great loser ; but the end for which I am
persecuted cannot be gained while I bave it in my option to return. I have been

much obliged to the general voice that was raised in my favour, as well as

to the ardent zeal of particular friends. Ilay Campbell has given me proofs of

friendship which I can never forget. Pulteney has behaved to me in everything,

as he would have done at the beginning of the Poker Club. I have always been

an advocate for mankind, and am a more determined one than ever ; the fools

and knaves are no more than necessary to give others something to do. I saw

J. Home in town yesterday morning, he goes on as usual. Mac* is listening to

the reports of his History. I do not live among readers, and am really ignorant

of the general verdict. I have been living here above three weeks. A charming

villa, in a magnificent scene, sed quis me sistat gelidis in montibus Pentland; and

this I do not say on account of the hot weather, tho' it has been for three days

the greatest I ever saw in this country.

" Remember my blessing to Mrs Caelyle and your young ones, of whose

thriving state I am happy to hear. Tell Edgae, when you see him, that I have

lately a letter from Cleek, and shall write to him—meaning Edgae— soon. I am,

dear Caelyle, yours most affectionately, Adam FERGUSON."f

The engagement which Feeguson had with Lord Chesteefield terminated

rather abruptly shortly after this ; and on returning to Edinburgh, he continued

his literary pursuits with renewed activity.

* James M'Pherson (Ossian). f MSS. University, Edinburgh.
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The following interesting letter, addressed to Adam Smith at this time, has

reference to the publication of the ' Inquiry into the Wealth of Nations :'

—

" Edinburgh, April 18th, 1776.

" My dear Sir,—I have been for some time so busy reading you, and recom-

mending and quoting you, to my students, that I have not had leisure to trouble

you with letters. I suppose, however, that of all the opinions on which you have

any curiosity, mine is among the least doubtful. You may believe, that on fur-

ther acquaintance with your work my esteem is not a little increased. You are

surely to reign alone on these subjects, to form the opinions, and I hope to govern

at least the coming generations. I see no addition your work can receive except

such little matters as may occur to yourself in subsequent editions. You are not

to expect the run of a novel, nor even of a true history; but you may venture to

assure your booksellers of a steady and continual sale, as long as people wish for

information on these subjects. You have provoked, it is true, the church, the

universities,* and the merchants, against all of whom I am willing to take your

part ; but you have likewise provoked the militia, and there I must be against

you. The gentlemen and peasants of this country do not need the authority of

philosophers to make them supine and negligent of every resource they might

have in themselves, in the case of certain extremities, of which the pressure, God
knows, may be at no great distance. But of this more at Philippi. You have

heard from Black of our worthy friend D. Hume. If anything in such a case

could be agreeable, the easy and pleasant state of his mind and spirits would be

really so. I believe he will be prevailed on at last to get in motion, and to try

the effect of Bath, or anything else Sir Jno. Pringle may recommend. I have

said more on this subject to Mr Gibbon, who, if you be found at London, will

communicate to you. If not, I hope we shall soon meet here. And am, &c,

" Adam Ferguson."!

For several years Ferguson had meditated the publication of a History of the

Roman Republic; and he now began with greater perseverance to collect his

materials for the projected work. He was also stimulated to bring his labours

on this subject to completion, as Gibbon had, in 1776, begun the publication of

his ' History of the Decline and Fall of the Roman Empire ;' and the following

correspondence is valuable, as showing the friendly relations which existed

between these eminent men :

—

" Edinburgh, March 19th, 1776.

" Dear Sir,—I received, about eight days ago, after I had been reading your

History, the copy which you have been so good as send me, and for Avhich I now
trouble you with my thanks. But even if I had not been thus called upon to

offer you my respects, I could not have refrained from congratulating you on the

* See ' Wealtli of Nations,' book v. cliap. i. part 3, art. 2.

f The original letter is in the possession of the Rev. Mr Cuiwingham, Prestonpans.
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merit, and undoubted success, of this valuable performance. The persons of this

place whose judgment you will value most, agree in opinion, that you have

made a great addition to the classical literature of England, and given us what

Thucydides proposed leaving with his own countrymen, a possession in perpetuity.

Men of a certain modesty and merit always exceed the expectations of their

friends ; and it is with very great pleasure I tell you, that although you must

have observed in me every mark of consideration and regard, that this is, never-

theless, the case, I receive your instruction, and study your model, with great

deference, and join with every one else in applauding the extent of your plan,

in hands so well able to execute it. Some of your readers, I find, were impatient

to get at the fifteenth chapter, and began at that place. I have not heard much

of their criticism, but am told that many doubt of your orthodoxy. I wish to

be always of the charitable side, while I own you have proved that the clearest

stream may become foul when it comes to run over the muddy bottom of human
nature. I have not stayed to make any particular remarks. If any should occur

on the second reading, I shall not fail to lay in my claim to a more needed and

more useful admonition from you, in case I ever produce anything that merits

your attention. And am, with the greatest respect, dear Sir, your most obliged,

and most humble servant, Adam Ferguson." *

Gibbon's reply to this letter was as follows :

—

" Bentick Street, April the 1st, 1776.

" Dear Sir,— I shall not pretend to deny that your approbation, and that of

your literary friends at Edinburgh, has given me very great pleasure. I am not

proud enough to be above vanity ; and I have always looked up with the most

sincere respect towards the northern part of our island, whither taste and phi-

losophy seemed to have retired from the smoke and hurry of this immense

capital. Your good opinion, in particular, I should wish to cultivate ; and am
pleased to understand from some passages in your letter that you are engaged in

a work, which I am convinced will stand in the same proportion to my imperfect

essay, as the Roman Republic may be considered to have done, if compared with

the lower ages of the declining empire.

" What an excellent work is that with which our common friend Mr Adam
Smith has enriched the public !—an extensive science in a single book, and the

most profound ideas expressed in the most perspicuous language. He proposes

visiting you very soon ; and I find that he means to exert his most strenuous

endeavours to persuade Mr Hume to return with him to town. I am sorry to

hear that the health and spirits of that truly great man are in a less favourable

state than his friends could wish ; and I am sure that you will join your efforts

in convincing him of the benefits of exercise, dissipation, and change of air.

* Gibbon's Miscellaneous Works, By Lord Sheffield, vol. ii. p. 499.
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" If I were not afraid of being too troublesome, I would desire you to inform

me by a line of the particulars of his present condition, as well as of his inten-

tions. I am, dear Sir, your most faithful and obedient servant, E. Gibbon."*

To this letter of Gibbon, Ferguson returned the following answer :

—

" Edin., I8th April 1776.

" Dear Sir,—I should make some apology for not writing you sooner an

answer to your obliging letter ; but if you should honour me frequently with

such requests, you will find that, with very good intentions, I am a very dilatory

and irregular correspondent. I am sorry to tell you that our respectable friend,

Mr Hume, is still declining in his health ; he is greatly emaciated, and loses

strength. He talks familiarly of his near prospect of dying. His mother, it

seems, died under the same symptoms ; and it appears so little necessary or proper

to flatter him, that no one attempts it. I never observed his understanding more

clear, or his humour more pleasant or lively. He has a great aversion to leaving

the tranquillity of his own house, to go in search of health among inns and

hostlers. And his friends here gave way to him for some time ; but now think

it necessary that he should make an effort to try what change of place and air,

or anything else Sir John Pringle may advise, can do for him. I left him this

' morning in the mind to comply in this article, and I hope that he will be prevailed

on to set out in a few days. He is just now sixty-four, f

* Dalzel's Hist, of the University of Edinburgh, vol. i. p. 22.

f It was principally at the desire of Fer&uson that David Hume, a few days after the date of

this letter, was induced to undertake a journey to London, to try the effect of change of air in

i mitigating the severity of his disease. Ferguson had also written to their mutual friend Adam
!
Smith, giving him an account of Hume's critical state at this time ; and thus describes his condition

I

—" David, I am afraid, loses ground. He is cheerful, and in good spirits as usual ; but I confess

that my hopes from the effects of the turn of the season towards spring have very much abated."

In consequence of this letter. Smith and John Home set out from London to visit Hume at Edin-

burgh, and accidentally met him at Morpeth on his way south. Home returned to London with

i Hume, and preserved a diary of the journey, which has been printed in his life, by Mackenzie. In
• this diary is the following interesting entry :

—

" Newcastle, Wednesday, 24:th April.

" Mr Hume not quite so well in the morning,—says that he had set out merely to please his

friends ; that he would go on to please them ; that Ferguson and Andrew Stuart (about whom
we had been talking) were answerable for shortening his life one week a-piece : for, says he, you
will allow XenophoQ to be good authority ; and he lays it down, that suppose a man is dying,

nobody has a right to kill him. He set out in this vein, and continued all the stage in his cheerful

and talking humour. It was a fine day, and we went on to Durham—from that to Darlington,

I

where we passed the night."

;

The illness of Hume, feelingly alluded to in the above letters of Gibbon and Ferguson, was
the cause of his death on the 25th of August in the same year. The following interesting letter

(belonging to Mr David Laing), dated at Edinburgh, on the 9 th of July before his decease, is very

I

characteristic of the cheerfulness which he displayed up to his last moments. It is addressed to
" John Hume at Kilduff, near Haddington :"

—

" My dear John,—I offered to give you a letter along with you, informing you how I should

be on Tuesday thereafter, viz., weaker and more infirm than when you saw me. This, indeed, would
' have sav'd postage ; and I can do no more at present than confirm the same truth, only that the

matter seems now to proceed with an accelerated motion. I had yesterday a grand jury of phy-
sicians who sat upon me, the Doctors Cullen, Black, and Home. They all declare the opinion of

VOL. XXIII. PART III. 8 F
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" I am very glad that the pleasure you give us recoils a little on yourself,

through our feeble testimony. I have, as you suppose, been employed, at any

intervals of leisure or rest I have had for some years, in taking notes or collect-

ing materials for a history of the destruction that broke down the Roman
Republic, and ended in the establishment of Augustus and his immediate succes-

sors. The compliment you are pleased to pay, I cannot accept of, even to my
subject. Your subject now appears with advantages it was not supposed to

have had, and I suspect that the magnificence of the mouldering ruin will appear

more striking than the same building, when the view is perplexed with scaffold-

ing, workmen, and disorderly lodgers, and the ear is stunned with the noise of

destruction, and repairs, and the alarms of fire. The night which you begin to

describe is solemn, and there are gleams of light superior to what is to be found

in any other time. I comfort myself, that as my trade is the study of human

nature, I could not fix on a more interesting source of it than the end of the

Roman Republic. Whether my compilations should ever deserve the attention of

any one beside myself, must remain to be determined after they are farther

advanced. I take the liberty to trouble you with the enclosed for Mr Smith,*

whose uncertain stay in London makes me at a loss how to direct for him. You

have both such reason to be pleased -with the world just now, that I hope you

are pleased with each other. I am, with the greatest respect, dear Sir, your most

obedient and humble servant, Adam Ferguson." f

The progress of his labours, in collecting materials for the History of Rome,

was, however, interrupted by circumstances which turned his attention for a time

to other inquiries.

The Revolution in America had now drawn more general attention to the

affairs which were passing on that great continent. It is unnecessary here to

relate the different steps Avhich led to the institution of the American Congress

in 1773. It is sufficient to remark that the Congress had, in 1776, assumed the

functions of sovereignty, and required all persons to abjure the British Govern-

ment, and swear allegiance to the Congress itself. |

the English physicians absurd and erroneous. They own a small tumour in my liver ; but so small

and trivial, that it never could do me any material injury ; and they say that I might have liv'd

twenty years with it, and never have felt any inconvenience from it ; each of them has had patients

who have had tumours in that part ten times larger without almost complaining for years together.

They have thoroughly persuaded me to be of their opinion ; and, according to their united senti-

ments, my distemper is now a haemorrhage as before, which is an illness that I had as lief dye of as

any other. The first part of the text being now discuss'd, we proceed to the second, viz., the cure,

which I leave to another opportunity. I send you a letter which my nephew opened by mistake

;

but finding, after he had read a few lines, that it was not meant for him, he proceeded no further.

Yours sincerely, David Hume."
In token of the long friendship which had existed between Hume and Ferguson, Hume be-

queathed him a legacy of L.200.
* Dr Adam Smith. [f Gibbon's Misc. Works. By Lord Shefiield, vol. ii. p. 501.

J Ferguson was in the habit of discussing from time to time in his correspondence with

General Clerk, Mr Johnstone (afterwards Sir William Pulteney), and other friends, the various
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The endeavours of the Americans to throw off the yoke of the British Govern-

ment, and to assert their independence, were warmly defended by Dr Richard

Price, a dissenting clergyman in London, well known as the ingenious author

of a ' Review of the Principal Question in Morals,' and of some works relating

to the theory of annuities, and the finances of the country. Price had, in 1775,

published his ' Observations on the Nature of Civil Liberty, the Principles of

Government, and the Justice and Policy of the War Avith America.'

This work took up the ground, that from the nature of civil liberty one

country could have no power over the property or legislation of another which

was* not incorporated with it by a just and adequate representation. It drew, in

contrast to this country, the most flattering picture of America, where, as its

author observes, " we see a number of rising states, in the vigour of youth,

inspired by the noblest of all sentiments, the passion for being free, and animated

by piety

—

Iler-e we see an old state, great indeed, but inflated and irreligious,

enervated by luxury, encumbered with debts, and hanging by a thread. Can

any one look without pain to the issue ? May we not expect . calamities that

shall recover to reflection (perhaps to devotion) our libertines and atheists?"*^

It concluded by prophesying ruin to England, through the addition of many
millions to the national debt, unless some plan of reconciliation were speedily to

be carried out.

The publication of these views, which had the greater weight from their author's

reputation as a sound financial writer, created an immense sensation both in

England and America. In the course of a few months 60,000 copies of this book

were disposed of; and while Price was lauded by the friends of American free-

dom, he was subjected to abuse and misrepresentation by those who supported

measures of repression.

Along with other writers of note, Ferguson sympathised in his views with

Government, and he communicated his objections to the pamphlet of Price in a

letter to Mr Grey Cooper, one of the Secretaries of the Treasury.

Mr Cooper was so much pleased with the observations of Ferguson, that he

sent the following letter in acknowledgment :

—

" Parliament Street^ March 23, 1776.

" Sir,— It was my duty to have thanked you sooner for your letter, and the

very masterly and judicious paper which accompanied it, and which I have read

political changes whicli were taking place at this period. The following extract from a letter

addressed by General Clerk to him when he was at Geneva, in 1775, with Lord Chesterfield, is

interesting in connection with recent events in America. The General says :
" When I saw you

at Paris, you said that the American Colonies would end in military governments. You astonished

me, and though I contradicted you, I had not patience to discuss it at that time, as it required the

. clearing up of so many points of which you and I had different opinions. However, I never

doubted of its being a very disagreeable affair for us, and I think now that it has the appearance of

being as bad as ever I imagined it.''

—

MSS. University of Edinburgh,
* 4th ed. p. 98.
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with great attention and pleasure. Dr Price's pUmphlet has been circulated

with the same zeal that the Methodists circulate their manuals and practices of

piety. Like base coin struck in times of disorder and confusion, it has had a

value and a currency in the world which no other times could have given it. In

that respect he deserves and demands what neither the weight of his arguments or

the accuracy of his knowledge entitle him to expect—an answer from a good and

able writer. I have ordered the observations to be printed by ]\Ir Strahan,

without its being known who is the author of them. I am happy of having this

opportunity of corresponding with Professor Ferguson ; and if idem sentire de

repuhlica be the basis of friendship, I can very fairly pretend to yours ; for I

entirely concur with you in your noble sentiment, that the great object is to lay

the demon of discord on both sides of the ocean ; and I am, dear Sir, with gi'eat

regard and esteem, your very faithful, humble servant, Grey Cooper."*

The reply of Ferguson was accordingly published anonymously as Re-

marks on a Pamphlet lately published hy Dr Price, intitled Observations on Civil

Liberty, &c. ; and was acknowledged to be written with less invective and with

more moderation than the publications previously issued on that side of the

American question. Ferguson contended that, although the Colonies were by

their charters and original compacts bound to submit to Parliamentary taxation,

their altered circumstances now required a change of policy ; and suggested that,

as Commissioners were to be appointed to settle all differences, negotiation should

speedily take place. He was led, however, into various positions of a question-

able nature, that weakened the effect which his conciliatory views would other-

wise have had upon the public mind.

The British Government, which had at first treated the disputes in America

with contempt, now began to take measures to vindicate their authority, and sent

reinforcements to their army in that country. At the same time they appointed

General Howe and his brother. Lord Howe, Commissioners, to settle all disputes

in an amicable manner, as the feeling indicated in Ferguson's pamphlet began to

gain ground, that measures of conciliation should be attempted.

The Americans, however, flushed with several advantages gained over the

British troops and by the promise of assistance from France, were determined

that no proposal for reconciliation should be entertained except upon the footing

of a treaty between two independent powers.

In 1778, George III., who throughout the whole of the American disputes

had inflexibly opposed pacific measures, began, when too late, to yield to a

more liberal policy. In that year two bills for effecting a reconciliation with

America were introduced into Parliament by Lord North. Commissioners were

again to be sent over to treat with the Congress ; and as it had been objected

* MSS. University of Edinburgh.
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that the powers of the former commissioners had been unduly restricted, the

new commissioners were expressly authorised to discuss and settle every point

in dispute between Great Britain and her colonies.

The commissioners were the Earl of Carlisle ; Mr Eden, one of the Commis-

sioners of Trade, and Under-Secretary to Lord Suffolk ; and George Johnstone,

originally a captain in the navy, and at one time Governor of West Florida. With

these three commissioners were conjoined Lord Howe, and his brother General

Sir William Howe, the members of the commission formerly appointed.

The three newly appointed commissioners met at Portsmouth in April 1778,

and proceeded to open their instructions, after which they embarked at Spithead

on board the Trident, and arrived at Philadelphia, on the 5th of June 1778.

The appointment of a Secretary was one of their first acts on reaching America.

They had expected that Mr Henry Strachey, the Secretary to the former com-

missioners, would continue his services to the new commission, but they found

that as he had already returned to England a new appointment was necessary.

By virtue of their powers they elected Ferguson as their Secretary on the 6th

of June, having special confidence in his ability for discharging the diflBcult and

delicate matters intrusted to them.

The commissioners, on proceeding to business, found many unforeseen circum-

stances of discouragement in an undertaking which had never been very hopeful.

In consequence of the expected war with France, orders had been sent from

England in March for the British troops to evacuate Philadelphia and retire to

New York, and these orders, of which no previous intimation had been made to

the commissioners, were in process of execution when they landed. The treaty

between the Colonies and France, concluded by Franklin on the 6th of February,

had also arrived in America, and was the occasion of great rejoicing to the

American people.

Nothing daunted by these untoward symptoms, the commissioners proceeded

to open negotiations with General Washington and the Congress. They inti-

mated to the former that it was their intention to send Ferguson with despatches

to Congress, and requested that he might receive the necessary passport for that

purpose. They then drew up a letter to that body, in which they stated their

powers, and expressed their desire to concur in every just arrangement for the

cessation of hostilities and the restoration of free intercourse between Britain

and the Colonies. This letter was ordered to be delivered to Congress by Fer-

guson in person.

On reaching the outposts of the American army with this letter, Ferguson

was met by the officer commanding the piquets, who informed him that he

could not be allowed to proceed to headquarters without a passport, and that

the application for this document previously made could not be granted until the

pleasure of Congress was known. In order, however, that the object of the com-

VOL. XXIII. PART III. 8 G
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missioners might not suffer from unnecessary delay, it was determined to send

the letter by the ordinary conveyance of the military posts, and it was accordingly

delivered on the same day to the American piquets by Lord Cathcart.

The commissioners, while awaiting with considerable anxiety the reply of

Congress to their conciliatory letter, in which they proposed concessions of the

most liberal nature, gave an account of their proceedings to Lord George Ger-

main, Secretary of State for the American Department. In this letter they

plainly informed Government of the difficult position in which they were placed

by the unfortunate order for the evacuation of Philadelphia. They also admitted

that, in consequence of the state in which they found the country, they had

offered terms to the Americans of a more liberal nature than their instructions

allowed.

These papers of the commissioners caused some dissatisfaction to the ministry,

and were not at the time made public.

The following letter, addressed by Sir William Pulteney (brother of George

Johnstone) to Ferguson, is interesting, as showing the state of feeling in

England with reference to these proceedings of the commissioners :

—

•' London, 4th August 1778.

Dear Ferguson,— I was much obliged to you for your letter of the 19th June,

which arrived a fortnight ago, and was delivered by Mr Mackenzie, I enter

entirely into your sentiments, and those of my brother, concerning the unfortunate

order of .the 24th March. I have done all I can in consequence of the despatches

I have received, and I have hopes that I have not laboured in vain. I have

wrote a long letter to my brother, which will give you all the information that

seems to me material. Firmness, wisdom, and exertion were never more wanted

for any country than now. I approve much of the letter to Government, and

the letter to the Congress, and I believe they will meet with general approbation,

though the ministers do not, I guess, relish the first, and neither have been given

to the public.—I am, dear Ferguson, most affectionately yours,

" William Pulteney.

" I think it right to suggest to your private ear an observation or two.

Though I am not surprised at the heat with which the commissioners took up

the concealment of the order and the order itself, yet I have my doubts whether

it was prudent to let it transpire in America that they disapproved of the measure,

or that they were ignorant of it till they arrived. I can see many advantages

which might have resulted from their appearing satisfied, but none from the

contrary. It is true, the misery of the departed inhabitants and their complaints

must have made it next to impossible for the commissioners not to vindicate

themselves from having had any hand in the measure ; but I think it right to

make this observation with a view to the future.



MR small's biographical SKETCH OF PROF. ADAM FERGUSON. 629

" I also think it would have been as well if the opinions of the commissioners

had been communicated by letter to fewer persons here, because I think it was

a piece of knowledge which ought to have been withheld from the American

Deputies at Paris, and the Court of France. By communicating only to a few

proper persons, every good end of this communication might, I think, have been

attained without the disadvantages. I make this observation with a view to the

future.

" I have some reason to think that Dr Franklin has acted a double part.

From some facts I have heard, I suspect, that notwithstanding his solemn pro-

mise to me that no use should be made of what passed between us, he did from

the first make use of it to urge the French Court to a further immediate treaty,

to be put over and to be ratified before the commissioners should arrive, from a

fear that the Americans would certainly accept our terms. The date of the last

treaty will throw light upon this, when compared with the dates of my conver-

sations with him. He was told of my arrival in Paris, and my errand on

Thursday the 11th March. I saw him first on Saturday the 13th, and again on

Sunday the 14th. The declaration of the French ambassador here was made

on Friday the 12th. I saw him again on Sunday the 29th, and Monday the 30th,

and for the last time on Saturday the 5th April.

" I am informed by Andrew Stewart, that Da. Hume told him the follow-

ing remarkable fact:

—

Hume went to visit Mr Oswald of Dunnikier, then, I

believe, a Lord of Trade, soon after Dr Franklin came to England, which was
in 1758 ; and as he entered the room Dr Franklin was coming out. Hume took

notice that Franklin, who was just gone, was a very ingenious man. Oswald
said he had been with him on business relating to the Colonies, and added these

remarkable words,— ' He is certainly a man of genius ; but if I am not much
mistaken in characters, that man has more of faction in his mind than issufiicient

to embroil any country in the world.' " *

The commissioners, after despatching the letters above referred to, and feeling

discouraged by the effects of the order for the evacuation of Philadelphia, re-

embarked on board the vessel which had carried them to America, and set sail

for New York.

While in that city they received a communication from Congress, intimating

that the only ground on which they could enter on a treaty would be an acknow-
ledgment of the independence of the States, and the withdrawal of the British

force from America.

The commissioners then issued a proclamation, calling upon all persons in

America to aid them in bringing the unhappy quarrel to a speedy termination.

After some correspondence with the Congress relative to the performance of

* MSS. University, Edinburgh.



630 MR SMALL S BIOGRAPHICAL SKETCH OF PROF. ADAM FERGUSON.

the stipulations contained in the convention of Saratoga, the commissioners found

at length that the decision of the American disputes was to be left to the sword.

They accordingly set sail from America about the end of November, and reached

Plymouth on the 19th December 1778. The time for which they had been ap-

pointed expired on the 1st of June 1779, when they formally demitted office.

They had the honour to receive a formal intimation of the royal approbation

of their services, through Lord George Germain, who also expressed his regret

that his correspondence with them, from which he had received so much infor-

mation, had come to a conclusion.

On his return to Edinburgh in 1779, Ferguson resumed the charge of his

class, which had been conducted during his absence by Mr Dugald Stewart,

and continued the preparation of his ' Roman History.' But before that work

made its appearance, a serious illness befell its author. Towards the end of 1780,

Ferguson had an attack of paralysis, probably occasioned by his free manner of

living. His recovery from this illness is still quoted by medical authors as one of

the most remarkable on record.

Under the treatment of his distinguished relative Dr Black,* the symptoms

gradually became more favourable, and Ferguson was able, after some months,

to undertake a journey to Bath. But he did not receive so much benefit from

the use of the waters there as from the Pythagorean course of diet which he

adopted, and which brought about a complete restoration. During the long

period of thirty-six years that elapsed between his paralytic attack and his death,

Ferguson enjoyed remarkably good health. The occasional ailments he had

seem to have been in no way connected with the disorder from which he made

so wonderful a recovery.

Of his many sympathising friends, no one was more sincere than Sir John

M'Pherson, now about to proceed to India as a member of the Supreme Council.

The following letter expresses his feelings on this occasion :
—

" Kensington Gore, 13th January 1781.

" My Dear Friend,—Though your illness has not filled me with despondency,

the first reports I had of it took away the happiness I should naturally have had

in announcing to you my India appointment. The truth is, I was so little dis-

posed to mention that event to any of my friends in Scotland—while I under-

* The resemblance between this case and the attack which ultimately proved fatal to M. De

Saussure in 1799 rendered that eminent French philosopher anxious to learn the mode of treat-

ment employed by Dr Black, under which Ferguson had recovered. De Saussure's physician,

Dr Odier, accordingly requested Dr Marcet, then a student at the University of Edinburgh, to obtain

from Dr Black the desired information. Dr Marcet, accompanied by Professor Dugald Stewart,

waited on Dr Black, who, after a long and interesting conversation, delivered to him, in writing,

for transmission to De Saussure, an account of the case and its treatment, which has been printed

in the ' Medico-Chirurgical Transactions' (vol. vii. p. 230), and is the more interesting, as it is,

perhaps the only existing memorial of the medical practice of that distinguished chemist.
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stood you were in a situation not to communicate it to them first—that I never

wrote to any person here of it ; and the only correspondence I have had with your

capital of late, is an answer which I thought myself obliged to send to the Duke

of Gordon. I have likewise written to the Duchess this night.

" Dr Caelyle's letter of to-day has set my mind more at ease. You have

naturally a good constitution ; and I place every hope in your Highland stamina,

your philosophy, and knowledge of nature.

" My friend Carlyle has written me, with an interest in your welfare, and

all that belongs to you, that adds, if possible, to my attachment to him. There

is a circumstance which, with all his love for you and me, he is not fully known

to—it is that I met you when I lost my father, and that your children and I are

of but one family.—Farewell. May the power of affection be a power to give

health and happiness ! If you do not recover your health before I leave this

country, I leave it with half my spring of satisfaction and soul.—Yours ever,

John M'Pherson." *

The intimate friendship between Ferguson and Sir John M'Pherson has

already been mentioned. It began in 1763, when the Honourable Charles and

Robert Greville, sons of the Earl of Warwick, were attending the University.

Sir John was son of the minister of Sleat, in Skye, and, when a student, had

been private tutor to these young noblemen while they lived under Ferguson's

care.

A circumstance occurred at that time (1765) which singularly enough gave

rise to a controversy in 1781 between Ferguson and the celebrated Dr Percy,

Dean of Carlisle, afterwards Bishop of Dromore. The occasion of this contro-

versy was the keen discussion regarding the authenticity of the poems of Ossian,

in which the most eminent literary men were at this time engaged.

As is well known, James M'Pherson, the translator of " Ossian," first published

his " Fragments of Ancient Poetry" in 1760. The work was anonymous; but

as it professed to give a specimen of a great amount of ancient Celtic poetry

still existing in the mainland and isles of Scotland, it was received with the

utmost enthusiasm. M'Pherson made a tour to obtain further materials, after

i
which he gave to the world ' Fihgal,' an ancient epic poem in six books

;

shortly afterwards followed by ' Temora,' in eight books, with other poems

of ' Ossian.'

These productions caused an immense sensation, and were translated into

several European languages, while M'Pherson was hailed as the preserver of

these relics of ancient culture. A few years later, however, a suspicion began to

be entertained that these poems were not authentic, and their genuineness

became the subject of as warm a controversy as ever was waged in the annals

of literature.

* MSS. University of Edinburgh.
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From James M'Pheeson's friendship with Ferguson, Blair, and Principal

Robertson, and from the high approval which these eminent men bestowed on

his labours, they were subjected along with M'Pherson to various attacks and

misrepresentations. In particular, Ferguson and Blair were, in 1781, charged

by Dr Percy with having perpetrated upon him a practical joke relative to the

poems of Ossian, when he visited Dr Blair at Edinburgh in 1765.

The immediate cause of this matter being revived so long after the time when
it happened was the publication, in 1781, of ' An Enquiry into the Authenticity

of the Poems ascribed to Ossian,' by William Shaw, the author of various

Gaelic works.

From the several letters written on the occasion, we learn that in October

1765 Dr Percy, when travelling in Scotland, had been for a few days the guest

of Dr Blair, at the time an enthusiastic admirer of the Ossianic poems. Blair,

according to Percy's statement, carried him to Ferguson's house, that he might

have an opportunity of hearing some of the original Gaelic of the poem of Fingal

recited to him by a native of the Highlands. After the recitation took place, Dr

Percy was called upon by Blair to mention in print this circumstance, as a

proof of the genuineness of the Gaelic poetry of Scotland. The Doctor, who was

then preparing for the press the second edition of his famous ' Reliques of

English Poetry,' accordingly inserted the following paragraph :
—" Concerning

the bards of Gaul ... no remains of their poetry are now extant ; but as for

those of Britain and Ireland, they have been more fortunate. . . . For an

account of the Irish bards, the curious reader may consult O'Connor's ' Disserta-

tions on the History of Ireland,' Dublin, 1776 ; Spencer's ' View of the State of

Ireland,' &c. &c. But no pieces of their poetry have been translated, unless their

claim may be allowed to those beautiful pieces of Erse poetry which were lately

given to the world in an English dress by Mr M'Pherson ; several fragments of

which the editor of this book has heard sung in the original language, and

translated viva voce by a native of the Highlands, who had at the time no oppor-

tunity of consulting Mr M'Pherson' s book."*

In 1781, when the controversy regarding the genuineness of Ossian was at

its height, this statement of Dr Percy was Jfdduced in favour of M'Pherson, by

the Rev. John Smith, minister of Kilbrandon, in his ' Gallic Antiquities,' a work

which contained, among other matters, a ' Dissertation on the authenticity of

the Poems of Ossian.' In this dissertation the author stated, that " amidst the

general wreck to which our traditions and poems have fallen for some time back,

many pieces of Ossian are still remaining, and are found to correspond with the

translation. A Highlander may perhaps be suspected of partiality in making

this assertion ; but several gentlemen of candour from other countries have made

* " Reliques," 2d ed. ; vol. i. p. 45.
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the experiment, by causing such as had never had any access to see the transla-

tion, to give the meaning of those pieces which tliey repeated ; and they declare

that, on comparing the Gaelic and the English, they were entirely satisfied with

the justness of the translation. Mr Percy, in his preface to ' Reliques of old

English Poetry,' tells, that he himself had often done this, and found the inter-

pretation which he had got extempore correspond with the English translation,

with which they had no access to be acquainted. Either these persons were

inspired, or Ossian's Poems are authentic."*

In the bitter attack on M'Pherson by Shaw, that writer refers to this state-

ment of Smith as follows ;
—" Mr Smith mentions Dr Percy's ' Reliques of An-

cient Poetry,'' in which he says the Doctor confesseth, that he himself heard pieces

of it recited ; and being compared with the translatio7i, exactly corresponded.

Dr Percy does not understand a syllable of the Erse, and therefore could be no

judge. The truth is, Dr Blair and Professor Ferguson, when Dr Percy was

at Edinburgh, took care to introduce a young student from the Highlands, who

repeated some verses, of which Professor Ferguson said, such and such sen-

tences in Fingal were the translation. Mr Smith, if he looks into the second and

third editions of the ' Reliques,' will find the observations there no longer ; and

that Dr Percy, on reflection, had just reason to suspect that this young student

had previously been taught the part he recited, and the lines might as readily be

any common song as the original of Fingal ; for they knew it was impossible for

an Englishman to detect it."f

This treatise gave Ferguson some annoyance, and on the 21st of July 1781,

he gave a formal denial to Shaw's statement, in the public prints.

In his advertisement, he quoted the passage from Shaw, and added, " to pre-

vent any inferences which might be drawn from my silence, I think it material

to declare that the above passage, so far as it relates to me, is altogether false

;

and that I never was present at the repetition of verses to Dr Percy by a young

student from the Highlands."

When the pamphlet of Shaw and the advertisement of Ferguson were

brought under the notice of Dr Percy, he also wished to vindicate himself.

Being, however, at a distance from his papers, he could only trust to his recollec-

tion at the time, and wrote the following letter to Dr Blair, enclosing the draft

of an advertisement which he proposed to insert in the newspapers.

" Alnwick Castle^ 17th August 1781.

" Dear Sir,—I have at length gained a few moments of leisure, and will now
endeavour to give you a full and true account of what may have occasioned the

indecent liberty which has been taken with our names in the pamphlet you

mention.

"In autumn 1765 1 spent a week with you most agreeably at Edinburgh,

* Gallic Antiquities, p. 96. f Shaw''s Inquiry, p. 25
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when, among other kind instances of your friendship, you introduced me to many
worthy and ingenious men, and among the rest to Mr Professor Ferguson. I

believe you mentioned to him, that I had entertained doubts of the authenticity

of Ossian's Poems, to remove which, he sent for a student that was a native of

the Highlands, who told me he had heard lines of the original sung by the servants

and country people there ; and being asked if he could repeat any lines himself,

he recited some passages in Earse, which being then translated to me, contained

part of the description of Fingal's Chariot (a part of the poem of which I had

entertained the greatest doubt). You then desired me, in a future edition of my
' Reliques of Ancient Poetry,' &c., to testify what I had heard. To this I could

not reasonably object, and accordingly, in my second edition, 1767, 1 related in a

note what had occurred. Some years after, I became acquainted with a gentle-

man, who is also intimately so with Mr M'Pherson ; but whose name I will

now never mention, because I will not expose him to the inconvenience of being

dragged before the public, as I have unfortunately been myself. This gentleman,

in the most solemn manner, assured me (as one perfectly well informed) that the

Poems of Ossian were almost all the productions of Mr M'Pherson's own genius
;

that what was really original hardly exceeded in quantity our ballad of Chevy

Chase. When I urged to him the transaction, at which I myself had been present,

he assured me I had been imposed on, and advised me to suppress the note in my
next edition, which accordingly I did in my third impression in 1775, silently

and quietly, never intending to enter at all into the controversy concerning the

genuineness of Ossian's Poems, of which I was so incompetent a judge from my
utter ignorance of the Earse language.

" From the positive repeated testimony above mentioned, together with some

other observations, which I occasionally made myself, I own I began to believe

them to be modern, but no less brilliant, proofs of Scottish genius, equally

tending to do honour to the country that gave birth to their author. But

as I never intended to publish one word on the subject, I fondly hoped I might

have gone out of the world without having my name ever mentioned in the

controversy.

" This, however, was unluckily not to be my fate, for Mr Shaw having called

on me just before he set out for the Highlands, when he assured me he would

inquire with the utmost impartiality into the genuineness of the poetry attributed

to Ossian. To him I unreservedly expressed my sentiments on that subject,

without concealing anything I knew or believed concerning it, not intending to

influence his opinion (which would have been absurd in one who knew so little

of the matter), but to spur his diligence to remove my objections.

" I accordingly related the transaction at which I had been present, and the

positive assurances I had since received from Mr M'Pherson's friend, that I must

have been deceived. I also urged the suspicious circumstance of the wolf being

I
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never mentioned, or alluded to in these volumes. But this was not my own
observation, it had before occurred to others ;* only that I have occasionally in

ray researches found abundant proof that the wolf existed in England long after

the Norman Conquest, and much later in Scotland ; and in Anglo-Saxon poetry,

I find such reference to the wolf, as would naturally happen in a country where

it abounded, and was the only animal of terror.

" Little did I imagine that this writer would quote my name at length, and

assign whole sentences to me, without ever asking my consent, or allowing me to

revise what I might have inaccurately let fall in conversation. Yet this he has

done, and till I saw his pamphlet in print, I never knew or suspected that I was

to make such a figure in it.

" Thus the matter stands : I never in my life had the most distant suspicion

that you were privy to the imposition, if it was one ; and as for Mr Ferguson, he

may also have been free from any share of the deception, which may have origi-

nated only from the reciter himself; but the lines were certainly recited in his

presence, as I perfectly well remember, although he may have entirely forgot the

occurrence.

" Thus far I had written, before I saw the advertisement published by Mr
Ferguson. As he hath committed himself to me, I am now compelled to give my
testimony to the public. I perfectly well remember the transaction, though Mr
Ferguson may have forgot it ; we may both be sincere, though my recollection

may, in this case, have been better than his.

" As I have been unwillingly forced into this controversy, I shall desire to get

out of it as soon as I can ; and if not again attacked, it is not my intention to

push the matter any farther. Upon the whole, I hope you will think the adver-

tisement which follows is written with temper and decency, and such as may
have a tendency to compose the dispute, so far as I am engaged in it.

" As for yourself, my good friend, I hope it will make no breach in our friend-

ship. I know your generous and enlarged heart can extend its regard to persons

who may differ from you in points of the most sacred importance ; even (as our

Liturgy expresses it) to all Jews, Turks, Infidels, and Heretics. And though, on

this question, I may have the misfortune to be one of the latter, yet I hope you

will still allow me to subscribe myself, your ever affectionate friend,

" Thomas Percy."

" P.S.—Pray write to me without delay, under cover, to his Grace the Duke

of Northumberland, at Alnwick Castle, in Northumberland. Mrs Percy joins

with me in respects to you and Mrs Blair.

" P.S.—I have some notion that the student who was produced to me by Mr
' Ferguson was (the Indian) Mr Macpherson, then (I believe) his pupil. Perhaps

* See Johnson's Life by Boswell, vol. ii. page 303.
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this circumstance may serve and awaken the recollection of you both. Pray, in-

form me how Mr or Dr Ferguson is usually styled. Is he called Mr or Dr ? *

Dr Percy, after some time had elapsed, began to think that he might possibly

be mistaken on some points, and wrote the following letter to Dr Blair, after con-

sulting the memoranda which he had made, when on his visit to Scotland :
—

" Alnwick Castle, September 10, 1781.

" Dear Sir.—You will excuse my having remained so long silent since I was

favoured with your last (inclosing the polite letter from Mr Professor Ferguson),

when I inform you, that I delayed my answer till I could send into Northamp-

tonshire, to have my papers there searched for minutes, which I remembered to

have made, of some of the particulars that occurred to me during my short visit

to Edinburgh in 1765 ; for, as I have the misfortune to differ about a matter of

fact from a gentleman of so respectable a character as Mr Professor Ferguson, I

thought it would not be treating him with due regard, to neglect any means of

information that could contribute to settle the point between us. After all, I

think he would have recollected the recital made to me by the student, as well

as he has done some of the other circumstances, at least he would not have been

so positive on this head as he appears to be in his letter, if you had reminded

him that the student produced to me was his own pupil, Mr Macpherson, who, I

believe, then boarded with him in his house. i

" I have, however, recovered a pocket-book, in which I had written down

minutes at the time, expressing how and where I spent every day during my
short stay at Edinburgh in 1765, where I was only five days; for I arrived there

from Stirling on Tuesday, October 8th, and departed thence for England early on

Monday morning, October 1 3th.

" Now by these minutes I find, that on Wednesday, October 9th, Mr Ferguson

dined with me at your house ; and on the Sunday following, October 13th, after

evening service (wherein I well remember to have heard a most eloquent sermon

from you), you caused me to drink tea with Mr Ferguson.

" At his house it was, during that visit, that Mr Ferguson, I believe, gave me

the written specimens of Earse poetry, which he mentions ; but very certain it

is, that then and there the student was produced to me, who recited viva voce

the passages in Earse, as I have related in my former letter. To which I can now

add this farther circumstance, that it being Sunday, he could not decently sing

the tune, which I had a great curiosity to hear ; and as I was obliged to leave

Edinburgh early the next morning, and was not likely to see him again, he in

the evening, as we were going away, took me aside, and in a low voice, hummed

a few notes to me, as a specimen of the old Highland tune.

" This having been the case I can have made no jumble, as Mr Ferguson is

pleased to suppose, nor could I possibly confound this with any other occurence, for

* MSB. University of Edinburgh.
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I not only never heard the sound of the Highland language from any other persons

but Mr Ferguson and his pupil, during my stay in Edinburgh ; but I do not find

that I was ever there in company with any other natives of the Highlands but

themselves ; and for this I can appeal to my memorandum-book, which mentions

persons (and there were many very worthy and ingenious ones) to whom you then

introduced me ; and also how and where I spent the whole five days among them.

" I might even proceed further and aver, that I never heard the recital of

Earse poetry, either before or since, in my whole life ; but that I now recollect, I

once heard a short song or two from an old Highland soldier, who, travelling

home to Scotland, begged at my door, but who I could not find knew anything

of the subjects of Ossian's Epic poetry. On his account I shall suppress the cir-

cumstance of my never having heard the sound of Earse poetry, except at that

single recital of the student, and, in my intended advertisement, which I shall

also, in other respects, shorten as much as possible, for I heartily wish to rid my
hands of this foolish business ; and unless Mr Ferguson is more desirous of com-

mitting his name in print than I am, our controversy shall soon be at an end ; for

I shall only attribute to him a want of recollection, which surely might happen

to the best memory at so great a distance of time.

" In truth, I cannot but think Mr Ferguson's name too respectable to deserve

to be tacked to slight appeals and rejoinders in the common newspapers ; and I

must acknowledge I have some reverence for my own ; and, therefore, when I

have once supported my own veracity in as few words as possible, I hope the

matter will drop, and neither of us be ever mentioned more on this subject. But

if he still persists in denying publicly the existence of a recital, which at your

desire I once mentioned in print (though, upon since reflecting how little I knew

of the matter, and for other reasons assigned in my former letter, I have since

suppressed it), I must then be compelled, much against my will, to produce at

large necessary proofs in support of my own affirmation, which yet, I trust, I

shall with temper and decency, and still continue to approve ^myself—Dear Sir,

your aflfectionate friend and very faithful servant,

" Thos. Percy."

" P.S.—My Lord Algernon Percy, who has been here since I wrote to you

last, but who is since gone away, could not distinctly remember, as I had at first

understood him, that Mr Ferguson was present when Mr Macpherson repeated

the Earse poetry to me ; but he remembered that fact better than could have

been expected, after six years' interval, considering too, he was but a boy when
it happened.

" The Duke desires his compliments, and pray deliver mine in the kindest

manner to Mrs Blair. I am now removing to Carlisle, where I hope to receive

your next favour." *

* MSS., University of Edinburgh.
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This letter was sent to Ferguson, who wrote the following answer to Dr

Blair :—
" Edinburgh, I5th September, 1781.

" Dear Sir,—I return Dr Percy's letter of the 10th inst., on this disagreeable

subject, of the recital of Erse poetry. I am sorry he has had so much trouble

;

but cannot blame myself, as I am satisfied the trouble did not originate with me.

I have in what is past, and shall continue in what may follow, to confine myself

strictly to what is necessary in my own defence. I found it alledged in print,

that Dr Percy had a cheat put upon him when at Edinburgh, to which I was

accessory. In such cases it is often argued that until such or such assertions be

contradicted they must be supposed true ; and I did not choose that my character

should rest upon that footing. I was free to deny any concurrence in the cheat,

and even free to deny my having ever been present at any such scene as that in

which the cheat was said to be practised. With respect to the last point, indeed,

it may be thought that I could speak only negatively, and den}'^ my having any

memory of the transaction ; and so it is no doubt of all past transactions. But

there are circumstances which entitle a person to be more or less positive. In

this case the cheat that is said to have been put upon Dr Percy could not be

practised in my presence without my concurrence ; and this every feeling of my
mind warrants me in denying in the most positive terms. As I never questioned

the fidelity of Mr James M'Pherson in his publications, I was none of those who

busied themselves in finding evidence of it. It has happened to me, indeed, to

mention a very few particulars of Erse poetry that were known to myself ; and

from my knowledge of which I had taken a very early impression of what mere

genius, Avithout the aid of literature or foreign models, may do where the human
mind is free and the passions have scope in recital as well as in action. I

imagined that evidence of its power might have been found in every country

if collected before language and manners had so far changed as to obliterate or

efface its productions. There being any remnants of it in the Highlands of Scot-

land, I imputed to the manners and language having changed less than they

have done elsewhere in equal periods of time. Whether or no this be honourable

for the people I will not at present try to determine. It appeared to me matter

of some curiosity in the history of mankind, but very little as matter of vanity

to one corner of this island, much less ofjealousy to any other corner of it. The

scraps I showed to Dr Percy had a reference to this idea, not the fidelity of Mr

M'Pherson's publications. And I was surprised to find myself, contrary to the

general tenor of my feelings, stated as a fabricator of evidence on that subject.

I thought myself free to deny in very positive terms my having ever been present

at the repetition of verses to Dr Percy by a student from the Highlands ; because

I never knew a student who pretended to repeat any part or specimen of Ossian's

heroic poetry. And the mention of Mr John M'Pherson's name does not at all
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alter the state of my recollection, for my memory of him is, among other parti-

culars in which he is well known to me, that he never appeared to be in posses-

sion of any part of Ossian's poetry. I well remember that he was in some degree

a singer, though I do not recollect any particular song but one, which, with a

very few words of any meaning, consisted chiefly of a chorus or burden, not more

significant than lullabolaro or derry down. If he repeated this or any other song

that Dr Percy might hear the sound of the language, it is no wonder that I should

forget that circumstance, especially as I have totally forgot Dr Percy's visit with

you at my house. But I hope that Dr Percy, now he has seen his minutes,

will be sensible that a person may mistake what he thinks he remembers, as well

as another may forget what has really passed. What he wrote from his memory

in a former letter was, that I had sent for a student to your house. What he

writes now is, that he came to the student at my house. Some other very easy

mistake in the circumstances, if recollected, might acquit me entirely of any share

in the imposition that was put upon Dr Percy. I confess that I was astonished

at the ease with which this charge was stated against me in the pamphlet which

has given rise to this correspondence. If I had the honour of being sufficiently

known to Dr Percy, I should certainly request that he would compare proba-

bilities, and consider which is most likely, that I should be accessory to a cheat,

or that he should mistake some material circumstance of a story sixteen years

old. Although I may not be entitled to employ this plea with Dr Percy, I cer-

tainly must be allowed to submit it, in case I am under a necessity of more pub-

lications, to persons to whom I am better known. There is certainly hitherto no

reason to apprehend from me, as Dr Percy mentions, any improper desire of

committing my name in print. I appeared, from necessity, to prevent inferences

which might be drawn from my silence against me. I do not pretend to set up

my affirmation against that of any other person ; but as often as occasion is given

to the same inference, I must appear again to the same purpose. Dr Percy is

pleased to say in the letter which I return to you, that if I persist in denying

publicly the existence of a recital, &c., he must then be compelled, much against

his will, to produce at large necessary proofs in support of his own affirmation.

Dr Percy will be pleased to observe, that I do not pretend to know what recitals

he may have had made to him. I only deny that I ever was present at any impo-

sition put upon Dr Percy by any pretended recital of Erse, and that I ever was

present at any such recital. I am persuaded that there are no proofs to the

contrary, of Avhich Dr Percy will not perceive the weakness the more he con-

siders them. At any rate, he must be sensible that if any such proofs are sup-

posed, I cannot possibly consent to have them secreted. When they appear, I

, hope that I too shall proceed with temper and decency, although I have a little

more at stake than Dr Percy, and have my integrity to defend against a most

unexpected attack, which it seems is to be carried on against me in support of his^
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accuracy in conversation.—I am, with much obligation for your good offices in

this business, dear sir, your most affectionate humble servant,

" Adam Ferguson."*

This singular dispute about a matter of fact is only interesting from the emi-

nence of the persons engaged in it ; at the same time, the question of the genuine-

ness of the Ossianic Poems given to the world by M'Pherson, is still an interest-

ing subject of inquiry.

The advertisement of Dr Percy, followed by a further statement of Ferguson,

duly appeared in the public prints, after which the subject dropped, f

There can be no doubt that Blair, when writing his elegant dissertation on

the Ossianic poetry, was an enthusiastic believer in the genuineness of these

poems, and that the recitation of Gaelic poetry had taken place at his instigation.

On the occasion of this correspondence, he seems to have shown a forgetfulness,

or possibly a fear of admitting any statements tending to compromise his opinions,

which caused some annoyance both to Dr Percy and Ferguson.

From the letters above given, we learn that Ferguson was a supporter of the

genuineness of the Ossianic Poems, as he states that he " never questioned the

fidelity of Mr James M'Pherson in his publications." | A correspondence with

M'Pherson relative to the publication of the original Gaelic of Ossian will be

subsequently referred to.

In 1782, Ferguson entered warmly into the scheme proposed by Principal

Robertson to institute in Edinburgh a society, similar to the foreign Academies,

for the cultivation of every branch of science and literature. The immediate

cause of this proposal was the application of the Society of Antiquaries to be in-

corporated by Royal Charter. §

The Senatus Academicus drew up a memorial to Government, proposing that,

" instead of granting a charter to the Scots Antiquaries as a separate society, a

society shall be established by a charter upon a more extensive plan, which may

be denominated ' The Royal Society of Scotland,' and shall have for its object all

the various departments of science, erudition, and belles lettres. That a certain

number of persons, respectable for their rank, their standing, or their knowledge,

shall be named by the Royal Charter, with powers to choose the original members

of the Society, and to frame regulations for conducting their inquiries and pro-

ceedings, and for the future election of members."
||

* MSS. University of Edinburgh.

f See Shaw's ' Inquiry' for Ferguson's vindication, Appendix, p. 82.

I See his letter to Mr M'Kenzie, Secretary of the Highland Society, in that Society's Report on

the Poems of Ossian, Appendix, p 62.

§ Smellle's Account of the Antiquarian Society of Edinburgh, p. 12.

II

It was due to the persevering efforts of Principal Robertson that the Royal Society was

instituted. After memorialising Government, about the end of the year 1782, to the effect above

stated, the Records of the University bear that the Principal, on the 10th of February 1783, informed

the Senatus Academicus, " that the Lord Advocate and Mr Hunter Blair had desired him to acquaint
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The members of the Philosophical Society, which had long existed in Edin-

burgh, were at this time also anxious to be incorporated by Royal Charter. They,

however, adopted the views of the Senatus Academicus, and entered heartily into

the scheme for the establishment of a society, on the model of those at St Peters-

burg and Berlin, for the purpose of cultivating every branch of science, erudition,

and taste.

The Royal Society was accordingly incorporated in June 1783. The following

is a list of the noblemen and gentlemen named in its Charter :

—

Henry, Duke of

Buccleuch ; Lord President Dundas ; James Montgomery, Lord Chief-Baron of

Exchequer ; Lord Justice-Clerk Miller ; John Grieve, Lord Provost ; Sir Alex-

ander Dick ; Sir George Clerk ; Principal Robertson ; Professors Cullen,

Monro, Blair, Walker, Ferguson, Dalzel, Robison, Maconochie ; Ilay Camp-

bell, Solicitor-General; J. Hunter Blair, and Adam Smith, Esqrs.; and J.

Maclaurin, W. Nairne, and Robert Cullen, Advocates.

Ferguson took a warm interest in the progress of the infant society, and was

elected one of the Councillors. His only contribution, however, to its literary

labours was a sketch of the Life of his relative, Dr Joseph Black, published in

1801.

them, that as they had the prospect of being in Edinburgh during the recess of Parliament, they had

not returned any answer to the letters which the Principal had written to them, in obedience to the

appointment of the meeting held on the second day of December last, but that they had laid the

Memorial transmitted to them before His Majesty's ministers, and had good reason to think that

what was requested in the aforesaid Memorial would be granted. That in order to obtain this, it

would be necessary that a petition from the Principal and Professors of the University, in respectful and

general terms, should be addressed to His Majesty, which the Lord Advocate undertook to present.

'

" The Principal produced a scroll of such a petition, the tenor whereof follows :-
—

' Unto the

King's most excellent Majesty, the Petition of the Principal and Professors of the University of Edin-

burgh, humbly sheweth—That literary societies having been found by experience to contribute

greatly towards promoting useful science and good taste in every country where they have been

established, many persons eminent in rank, or in learning, have long expressed an earnest desire that

a literary society, formed on the plan suited to the state of this part of the United Kingdom,
might be instituted in Edinburgh, being fully persuaded that its labours and researches will be of

considerable advantage to the nation.

" ' We, therefore, deeply sensible of your Majesty's paternal attention to the welfare of your

people in every instance, and confiding in the gracious disposition of a Sovereign who has distin-

guished his reign by the splendour of his efforts to extend the knowledge of nature, and the liberality

of his institutions for encouraging the arts of elegance, are humble suitors to your Majesty, that

you may be graciously pleased to establish, by Charter, a literary society, to be denominated, The
Royal Society of Edinburgh, for the advancement of learning and useful knowledge, empowering the

Members of it to have, as the objects of their investigation and discussion, not only the Sciences of

Mathematics, Natural Philosophy, Chemistry, Medicine, and Natural History, but those relating to

Antiquities, Philology, and Literature.

" ' We humbly request that your Majesty will take our petition into your gracious consideration,

and be pleased, as Founder and Patron, to give a beginning and form to this Royal Society, in that

mode, and under those Regulations, which to your Royal wisdom shall seem most proper.'

" Which being maturely considered by the Senatus Academicus, was approved of, and the Prin-

cipal empowered to sign it in their name, and to transmit it to the Lord Advocate and Mr Hunter
Blair, with thanks for their obliging attention to the former application of the Senatus Academicus,
and to request that they will still continue to attend to this business, until it be brought to the

desired issue."



642 MR small's biographical sketch of prof. ADAM FERGUSON.

In 1783 Fekguson gave to the world his principal work, entitled The History

of the Progress and Termination of the Roman Republic. This title strictly

embraces the period between the end of the early Roman monarchy, and the

elevation of Julius Cassar as the first Emperor of Rome. But, in order to

bring the narrative nearer to the point at which Gibbon begins his History of

the Decline and Fall of the Roman Empire, Ferguson continues his work down

to the death of Tiberius, the time when the succession to the throne began to

be considered as hereditary.

Ferguson has thus written the History of Rome from a.u c. 240 to a.u.c

790, a period of 550 years, and has given a lucid and compendious account of

the leading events of that history.

In preparing his work, he of course availed himself of the classical authors,

and, amongst modern writers, he made use of the researches of Guazessi and

Vestrini, the Aimals of Pighius, and the celebrated Essay of Montesquieu, on

the Grandeur and Decline of the Roman People.

His aim was rather to give in a connected and elegant form a narrative of the

great facts of Roman history, than to indulge in discussions of the many matters

of controversy which so extensive a subject necessarily involves. He does not

enter upon the story of the origin of Rome, or even of the rise of the Republican

form of government, but leans to the view previously held by De Beaufort, and

more fully developed by Sir George Cornewall Lewis, that the early history of

Rome was so involved in fable that no profit could result from such inquiries.

In this way Ferguson's History, ably and elegantly as it was written, does

not aff'ord the rich fund of information to be obtained from the more recent works

of Niebuhr and Mommsen, who, with infinite skill, have elucidated the early

history of Rome by a critical examination of the remains of the classical authors
;

and who, by the comparison of their fragmentary details, by the examination of

institutions existing in later and more historical times, and by the study of analo-

gous phenomena among other nations, have endeavoured to place that history on

a more trustworthy basis.

Ferguson was led to undertake this work from a conviction that the history

of the Roman people, during the period of their greatness, was a practical illustra-

tion of those ethical and political doctrines which were the object of his peculiar

study ; and he has remarked, that to know the history of Rome well was to

know mankind, and to have seen our species under the fairest aspect of great

ability, integrity, and courage. He regarded the great Roman statesmen and

warriors during the Republican period, as exhibiting the utmost range of the

human powers ; while he reckoned the steps, by which the republican form of

government was exchanged for despotism, as well deserving the careful attention

of the student of political history and human nature.

As was before remarked, the military experience which he had seen in his youth
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was of material service to him in writing his vivid account of the wars in which

the Roman people were so constantly engaged ; and his knowledge of human
nature enabled him faithfully to portray the characters of the principal Roman
leaders, and to test them by the laws of a high morality.

The many editions of this work which have been published show the estima-

tion in which it has been regarded by the literary world.* The errors and

omissions of the first edition were subsequently carefully corrected ; and Fer-

guson himself, ten years after it first appeared, visited Italy to inspect the scenes

of the more important events which his work describes.

In 1785, Ferguson, now in his sixty-second year, finding the anxiety at-

tendant upon his professorial labours pressing upon his health and spirits,

resigned the Professorship of Moral Philosophy. That he might retain his salary,

he was, according to the custom of the Town Council, appointed to the Chair of

Mathematics in conjunction with a junior professor, Mr Playfair, while Pro-

fessor DuGALD Stewart was transferred from the Chair of Mathematics to that

of Moral Philosophy.

Stewart had been the pupil of Ferguson, and owed to his instructions the

development of that taste for metaphysical speculation, by which in his lectures

and writings he shed so much lustre on the University.

As Professor of Moral Philosophy, Ferguson amply sustained the reputation

of the institution with which he was so long connected. He was manly and

impressive as a lecturer, but at the same time persuasive and elegant. In one

particular his mode of teaching was peculiar, and not easily imitated. As he

had delineated the general plan of his course in his ' Institutes of Moral Philo-

sophy,' he had for many years no written lectures, but trusted to his mastery

of the subject for the expression of his ideas on the spur of the moment. When
his health gave way in 1781, however, he found it necessary to write out his

course, which, during the leisure of his retirement, he corrected for the press

and published in 1792,

Amongst the many proofs he received of the value of his professorial instruc-

tions, none were more agreeable to him than the attentions shown by Sir John

M'Pherson, who had now attained the high position of Governor-General of

India. The following letter, which enclosed a munificent gift, is no less creditable

to his kindness of heart than to the merits of the veteran Professor:

—

" 12th January 1786.

" My dear Friend,—When I was but a Company's writer in the Carnatic, I

remember I sent you a small bill, which you told me you accepted with pleasure,

as it came from me, and you bought French cloth with it, being then on a visit

* It was translated into French by De Meunier and Gibelin in 1784, also into German and
Italian.
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to Paris. I have been near a year Governor-General of India, and four years a

Supreme Counsellor, and I have sent you nothing but a little madeira, yet you

are the friend next to my heart, and your interests are dearer to me than my
own, as they involve the concerns of a numerous family depending on the state

of your health. If I have been thus inattentive to your situation, you are 3'our-

self the cause, for to you am I indebted for those rules of conduct in my public

trusts, which have bound my generosity to your or to my own private interests

within narrow limits. You have been occasionally informed of the line pursued

by me since I left Europe, the situation in which I found affairs, my labours to

retrieve them, and the disbursement of my own income in various attentions to

those who were recommended to me, and whom I could not oblige at the public

expense. If the line I have pursued was not necessary from its satisfaction to

my own mind, the example of it was a sine qua non to enable me, when affairs

devolved upon me, to reduce the expenses of this colony about a million sterling

per annum, and to silence the cries of thousands who might otherwise have just

grounds for charging me with partiality and selfishness.

" I have followed your maxims in the practice of affairs,— upon perhaps the

greatest theatre of affairs, if the greatness of affairs is founded in the numbers of

men, and the extent of their interests— the concerns to be extricated or forfeited

—the wealth that might have been acquired, and the consequences that might

ensue to individuals, tribes, and nations.

" The events that hinged upon my ideas and conduct four years ago Avere

more important than those which I can now influence, though I stand at the head

and in absolute charge of all our affairs in India.

*' It is, my friend, one-and-twenty years since I began under you the rudi-

ments of these affairs; and as there is no period of my life that I look to with

such a conscious sensation of joy and pride, as that which I passed with you and

our noble pupils, so to you is due the account which I can in truth give, and

which I am bound to notice to you : It must be interesting to you, and it is for

the benefit of our native school, and perhaps of society in general, that I should

enable you to know the result, that you might hereafter be the more confirmed

in your system.

" I have amply experienced the truth of three of your favourite positions :
—

" \st. That the pursuits of an active mind are its greatest happiness, when they

are directed to good objects, which unite our own happiness with that of oui-

friends and the general advantage of society. Hence the first success in the

Carnatic ; the subsequent efforts in London ; the return to India ; the visit to

Europe in '77 ; the intercourse with men in business ; the friendships of the

ministers ; Lord N.'s * selection of me for my trust in 1778.

" 2d. I have likewise experienced, that he who has not been in contact with

* Lord North.
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his fellow creatures knows but half of the human heart. But such are the neces-

sary taxes of occupation, of business, and perhaps of life.

" Sd. That all that rests with us individually, is to act our own parts to the

best of our ability, and to endeavour to do good for its own sake, independent of

events, disappointments, or sufferings.

" Under these impressions I have acted and 1 now act; and if the India Com-

pany, the ministers, and the Legislature extend their views to the necessity of

affairs, and to the future prosperity of Britain and India, as they stand united

;

and if they will adopt the plans I have laid before them, I am steady in believing

that the greatest benefits to Britain from Thule to the Land's End, and to Asia,

from Cape Comorin to Tartary, may flow from the practical operation of the

commercial and political systems I have opened for the adoption of the empire.

The outlines are clear and strong, as well as the ground of the operations them-

selves. Look on the map and see the field of empire marked by the Thibet

Hills from Tarttiry to Chitagong, by the Ganges from its source to its embrace

of the ocean, and by opposite chains of hills and of wild tribes from Balasore to

the Jumna.
" This empire asks nothing from Britain but protection and some staples

;

and it sends to Europe every year about twenty fine Indiamen, loaded with the

industry and the productions of its extraordinary soil. Each ship is worth

L. 100,000, one with another. The improvements made in navigation, and the

knowledge of climates, and the care of health, enable Britain to carry on this

trade, if she adopted a liberal plan for it, on a footing to employ a fleet in going

and returning, including China and the coasts of the great Peninsula, about seventy

ships—now equal in size to 50-gun ships, why not to 64 and 74 ? Commerce would

then create a navy for Britain, at least such as would command the Indian seas

;

and as in King William's days, the first great operations of our state began

by converting our debts into funds or property by regular payments of the

interest ; so we may here employ the present interest of our debts to be a

medium for remitting the whole to Britain in an additional investment of goods.

Upon this system, which necessity forced us to begin here in 1782, by i)ro-

viding what was called a subscription investment, and drawing bills upon the

proceedS'Of the goods, India was saved from the jaws of war and the chains of a

little monopolist policy, which forced all remittances to Britain through the

channels of foreign trade, and which paid the tribute of custom to Lisbon and

Copenhagen, at a rate that has turned the exchange from Copenhagen against

England to about 18 per cent.

But my system does more ; it pours in upon Britain more streams of friend-

ship and of aid, which every officer, civil and military, in these colonies wishes

to send partially to his relations, and which, in the general remittance and receipt,

give the British heart on this and your side of the ocean its most delightful
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exercises, and which gladden every village and place, from the cottages of the

Isle of Skye to the palaces of London,

" I think a still greater scene opens by this commercial intercourse, if our

rivals in Europe wished but for a proper share in it. It would embrace much of

the repose of the universe, the happy communications of all the inhabitants of

the globe from the sources of the Mississippi to those of the Ganges, and from

west to east, till the east and the west are united.

" I have at this moment at Calcutta ambassadors from Tidore, in the eastern

seas, from Thibet, from all the states of India, and from Timur Shaw, who is

crossing the Attock ; and as Manilla is opening her trade, I hope to hear direct

from Lima before I leave India, and to make the Incas of Peru acquainted with

the Brahmin Rajahs on the banks of the Ganges.

" Curious are, besides, the treasures in literature and the oblivious history of

nations that are dawning upon us from the researches of Sir William Jones and

others, in Shanscrit, Arabic, and Persian. Even Anacreon and Euclid's best and

happiest labours may have been long asleep in the translations of this country.

And what seems to complete our prospect of elegant and useful information, is

that the present Governor of Chinsura, who was for seven years in Japan, has

brought in the wonders of that country. Their Encyclopaedia is in his hands,

and in some of the arts of life and of government, those islanders of Asia, those

Ano;lo-Asiaticks, have left all other nations far behind.

" While devoting all my moments that are my own to such general consider-

ations, I have perused, and am perusing again, your story of the Roman State and

their rule of India—I'hanks ! thanks ! my dear friend, but one ambition remains

—it is to converse with you at your town over these affairs. Has life in reserve

for us this happiness ? or is our expectation of it enough ? May I be able to

meet you there worthy in every respect of your esteem as of your affection,—and

is it possible to go through the remaining acts of my service here with progressive

dignity and success. Hitherto all is as you could wish. But all may not be at

the farm as you wish.* I know the feu-duty embarrasses you, and the dignitas

without the otium may be there. Receive, then, the inclosed bill upon my
masters, the India Company. Let the amount of it be sunk to discharge the

annual feu-duty of the farm during your life, Mrs Ferguson's, and the lives of all

your children and their descendants. It will be a future business to buy off the

feu-dut}' altogether ; at present I can send you no more. And should fate have de-

prived me of the future happiness of knowing that you can be conscious of this

little attention, those nearest and dearest to you I must consider as what remains

to me of you. To them I address this letter ; also, in such event, John Fletcher,

Home, M'Pherson. Ferguson will keep a room for me, or any remembrance of

* Ferguson, for several years after his marriage, had cultivated the farm of Bankhead, near

Currie, at a considerable sacrifice of his private means.
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the farm-house. Tell him (for I will not admit the idea that you have left us)

that he is my son. His father was more than the father of your ever affec-

tionate, " John MacPherson.
" Mind me to Drs Blair, Home, Robertson, Carlyle, Black, &c. &c."

About the time of the resignation of his University duties, Ferguson resided

in what was then a southern suburb of Edinburgh, named " the Sciennes."

This suburb, which now forms part of the city, was then considered so far distant

that his friends used to call his house " Kamtschatka ;" and there, in the beginning

of 1787, an interesting occurrence took place, which shows the pleasure he always

took in the recognition of youthful genius.

Burns had come to Edinburgh at the close of the previous year, to super-

intend the printing of the second edition of his poems. His arrival in the capital

had produced a sensation, and he received great attention from many of the

literati of the time. Ferguson's colleagues. Professors Dalzel and Stewart,

have recorded the feelings of interest which the arrival of Burns excited in the

literary society of Edinburgh. Being desirous to converse with so remarkable a

man, Ferguson invited a small party to meet him at his house, amongst whom
were Drs Hutton and Black, Mr Dugald Stewart, and the famous aeronaut

LuNARDi. Trifling as this incident may seem, it afforded to Sir Walter Scott,

then a boy and companion of Ferguson's sons, the only opportunity he ever had

of meeting with Burns. On that occasion also he displayed that wonderful ac-

quaintance with poetry for which he afterwards was so remarkable.

In a letter to Lockhart, Scott thus describes this interesting meeting :
—" I

saw him one day at the late venerable Professor Ferguson's, where there were

several gentlemen of literary reputation, among whom I remember the cele-

brated Mr Dugald Stewart. Of course, we youngsters sate silent, looked and

listened. The only thing I remember, which was remarkable in Burns' manner,

was an effect produced upon him by a print of Bunbury's representing a soldier

lying dead upon the snow, his dog sitting in misery on the one side, on the other

his widow, with a child in her arms. These lines were written beneath :

—

" Cold on Canadian hills, or Minden's Plain,

Perhaps that parent wept her soldier slain
;

Bent o'er her babe, her eye dissolved in dew,

The big drops mingling with the milk he drew,

Gave the sad presage of his future years,

The child of misery baptised in tears."

*' Burns seemed much affected by the print or rather the ideas which it suggested

to his mind. He actually shed tears. He asked whose the lines were, and it

chanced that nobody but myself remembered that they occur in a half-forgotten

poem of Langhorne's, called by the unpromising title of " The Justice of the

Peace ;" I whispered my information to a friend present, who mentioned it to

vol. xxiii. part IIL 8 M
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Burns, who rewarded me with a look and a word, which, though of mere civility,

I then received and still recollect with very great pleasure." *

In 1792, Ferguson published his lectures, under the title of Principles of

Moral and Political Science, being chiefly a Retrospect of Lectures delivered in the

College ofEdhiburgh. This work was the first extensive contribution to mental

philosophy which emanated from the University of Edinburgh. Hutchesox in

the University of Glasgow, Reid and Beattie in that of Aberdeen, had previously

laid the foundation of the Scottish school ; and Ferguson has the merit of having

introduced its doctrines into a new sphere, where they were destined to attain

a further development. He also had the advantage of bringing to his specula-

tions a greater amount of historical knowledge, and a much more extended

acquaintance with human character.

He divides his subject into two parts, the first of which states historically the

most general appearances in the nature and state of man ; embracing his descrip-

tion and place in the scale of being, mind or the characteristics of intelligence,

* Life of Scott, vol. i. p. 136.

Some interesting reminiscences of Fergtjson's son, Sir Adam, who Tvas the life-long friend of

Scott, printed in Chambers's Journal, No. 60, 1855, supply one or two particulars which Scott's

modesty suppressed. " The large black eyes of Burns, which literally glowed when he spoke with

feeling or interest, overflowed as he read the above lines, and he turned with an agitated voice to

the company, asking if any one knew who wrote them. The philosophers sat mute ; and after an

interval, young Walter said half aloud and very carelessly, ' The're written by one Langhorne.'

Burns caught the response, and seeming, both surprised and amused that a boy should know
what all those eminent men were ignorant of, he said to Scott, ' You'll be a man yet, sir.' Rather

oddly, we have found on an inspection of the print, that the name ' Langhorne' is inscribed below

the lines, though in so small a character, that where the picture hung on a wall, it might well have

escaped the notice both of Burns and Scott."

In the same interesting article, an amusing anecdote is recorded of Principal Robertson,

when dining one day at Ferguson's house :

—

" Ferguson, while devotedly attached to Dr Robertson, and a great admirer of his works,

found reason to complain of the manner in which he conducted himself in private society, particu-

larly at dinner parties. It was the worthy Principal's custom, as soon as the cloth had been re-

moved, to settle himself in his chair, and throwing out a subject, commence lecturing upon it to the

destruction of conversation, and the no small weariness of the company. By way of giving him a

check, Dr Ferguson took his friend Dr Carlyle of Inveresk into counsel ; and it was speedily

arranged between them that, immediately after dinner, Dr Carlyle should anticipate the ordinary

lecture of Dr Robertson, by commencing a long tirade, in an enthusiastic manner, on the virtues

of an article then in the course of being pufted in the newspaper advertisements, namely, patent

mustard ! Ferguson, in the meantime, had a private conversation with the Principal, in wliich he

took occasion to remark, that he had lately begun to fear there was something wrong with Carlyle s

mind ; he was getting so addicted to speak loudly in praise of trivial things,— for example, he was

unable for the present to converse about anything but patent mustard ! Robertson expressed his

concern for the case, but hoped it was only a passing whim. The dinner party accordingly assembled

at Dr Ferguson'Sj and Robertson was about to commence as usual with one of his long-winded for-

mal palavers, when all at once Dr Carlyle broke in,— ' This was,' he said, ' an age most notable

for its inventions and discoveries. Human ingenuity was exerted on the noblest and the meanest

things, and often with the most admirable effects on the meanest. There was, for instance, an article

of a humble kind which had lately been wonderfully improved by a particular mode of preparation,

and he for his part was inclined to say, that patent mustard was the thing above all others which

gave a distinguishing glory to this age. In the first place,'—it is needless, however, to pursue his

discourse further ; suffice it, that Dr Robertson sat paralysed, and could not afterwards, during tl:e

whole night, muster power or spirits to utter more than an occasional sentence."

I
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and the principles of his progressive nature. Having laid this foundation of his

course in history, Ferguson proceeds in the second part of his work, to examine

the specific good incident to human nature, and to treat of moral law or the

distinction of good and evil, and its systematic applications, which are explained

under the heads of Ethics, Jurisprudence, and Politics.

In the treatment of the metaphysical part of his course, Ferguson declares

himself an enemy to the scepticism of Hume, and opposed to the doctrine of ideas

as maintained by Hobbes, Locke, and Berkeley, but he coincides in his views

with the metaphysical doctrines of Aristotle as revived by Reid. He is also a

valuable exponent of the inductive method of observation as applied to the mind,

so well laid down by Reid, and consistently recommends the employment of this

mode of procedure in all investigations. His metaphysical discussions are also

valuable, as showing clearly the characteristics of mental as distinguished from

material action, and establishing those primary truths on which all useful philo-

sophical speculation is founded.

In his moral system, Ferguson was a philosopher of the Stoic school. He

avoided, however, the exaggerations and paradoxes into which many of its disciples

have fallen, and endeavoured, by selecting what seemed reasonable and just from

that and other theories of morals, to enunciate a more perfect system.

In opposition to Hutcheson, who confounds the Will with Desire, Ferguson

first of all establishes Free-will as the subject and foundation of Moral Science.

To the laws which regulate the Will—viz., the Lam of Self-preservation—the Law

of Society—and the Law of Estimation or of Progression^ Ferguson refers all moral

facts, and all systems of morality. By this theory also he attempts to refute or

reconcile the different theories previously promulgated.

In supporting his system, Ferguson was opposed to that of Clarke, who re-

garded the Intellectual principle as the arbiter of right and wrong, and who thus

made virtue a matter of mere calculation. He was opposed to Hume, who places

the foundation of morals in Utility, and shows, that if utility and virtue often

imite to urge us in the same direction, they are often also at variance and mutu-

ally contradictory ; and that whilst virtue is that which is most definitely useful,

and most certain to promote our happiness, it nevertheless is not confounded in

our minds with any idea of private interest. He was also opposed to Smith's

theory of Sympathy as the principle of morality
;
and proves, that to sympathise

with a person, and to approve of his conduct, are two very different things. He
thus also disposes of Hutcheson's celebrated theory of the moral sense :

— " If,"

says he, " moral sense be no more than a figurative expression, by which to dis-

tinguish the discernment of right and wrong, admitting this to be an ultimate

fact in the constitution of our nature, it may appear nugatory to dispute about

words, or to require any other form of expression than is fit to point out the

fact in question."
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Ferguson endeavours to reconcile all these systems of morals, by compre-

hending them in his own classification. With Hobbes and Hume he admits the

power of self-interest or utility, and makes it enter into morals as the law of

Self-preservation. Hutcheson's theory of universal benevolence, and Smith's

idea of sympathy, he combines under the law of Society. But as these laws of

Self-preservation and Society are the means rather than the end of human
destiny, they are subordinate to a supreme end, and this supreme end is Per-

fection.

It was in this Idea of Perfection, then, that Ferguson placed the principle of

moral approbation, and considered it as the law which every intelligent being

forms to himself, by which to judge of every sentiment of esteem or contempt,

and every expression of commendation or censure.

The philosophic speculations of Ferguson have been carefully criticised by

Cousin, who thus expresses himself with reference to this theory of Perfection :—
" We find in his method the wisdom and circumspection of the Scottish school,

with something more masculine and decisive in the results. The principle of

jjerfection is anew one, at once more rational and comprehensive than benevolence

and sympathy, and which, in our view, places Ferguson as a moralist above all

his predecessors."*

In treating, in the latter part of his course, on the fundamental law of morality,

and its applications and sanctions, Ferguson observes, that some of these sanc-

tions may be enforced, whereas others may be left to operate on the free will of

the agent. Obligations and sanctions which may be enforced form the subject of

Jurisprudence ; those which cannot be enforced, are the applications of morality

to the Duties of men.

In treating of Jurisprudence, Ferguson explains the laws relating to peace and

war, and follows Grotius in acknowledging the law of self-defence to be the only

just foundation for employing force or stratagem in the case of independent or

unconnected individuals.

The Duties of men Ferguson divides into two classes,—those which may be

considered as prohibitory, forbidding the commission of wrongs, and those which

regard conscience, and can only be recommended by way of persuasion. The

duties which involve in regard to others the right of constraint or prohibition

are the foundations of natural law ; and in this way Ferguson enters upon the

last portion of his subject, which is Politics.

Ferguson treats of Politics under the heads of Population, Manners, and

Wealth, and Civil Liberty. In this department, he follows Montesquieu and

Hume, and eloquently pleads the cause of well-regulated liberty and free

government. His views in 1792 were, however, somewhat modified from those

* Philosophic Ecossaise, 3d ed,, p. 512.
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he had enunciated in 1769, when he published his " Institutes of Moral Philo-

sophy," In that work, when treating of Political Institutions, he had thus ex-

pressed himself,
—

" Institutions that preserve equality, that engage the minds of

the citizens in public duties, that teach them to estimate rank by the measure of

personal qualities, tend to preserve and to cultivate virtue." The progress of the

French Revolution, however, had, by the time when he published his lectures,

cooled the general enthusiasm for liberty; and Ferguson, who seems in 1769 to

have held extreme views, at length admitted the necessity for inequality in rank,

and the expediency of hereditary distinctions and of an aristocracy. *

In 1793 Ferguson was elected an honorary member of the Academy of

Sciences of Berlin. He was also a member of the Academy at Florence, of the

Etruscan Society of Antiquaries at Cortona, and of the Arcadia at Rome.

From his knowledge of the Gaelic language, and from his early friendship

with James M'Pherson, he was at this time consulted as to the proposed publi-

cation of the original Gaelic of the Poems of Ossian.

M'Pherson had from the first professed his willingness to satisfy the public

as to the authenticity of Ossian's Poems, by printing the originals which had

come into his possession. At the same time, when urged by the Committee of

the Highland Society, he always pleaded want of leisure as his excuse for with-

holding them from the world. In 1793, however, a few years before his death,

he prepared to comply with the generally expressed desire, but a difficulty arose

as to the selection of the character and spelling to be adopted in printing the

Gaelic language. It appears from the following exceedingly interesting letter,

addressed to Ferguson, that he had resolved to adopt the letters of the Greek

alphabet, as more adequately representing the niceties of Gaelic pronunciation.

With the view of making a trial of this method, he printed a specimen sheet,

containing a passage from the Gaelic translation of the Bible in Greek characters,

which he submitted to the criticism of his friends :

—

" London, May 21 s#, 1793.

" My Dear Sir,—I wrote you a few lines some time ago, wherein, if I re-

collect aright, I promised to send you soon after an answer to your letter of the

8th of April, on the subject of the proposed printing the original of the Poems of

OssiAN in the Greek character. Having been, at the time of receiving your

letter, immersed in a hurry of business, from which I have not, as yet, wholly

extricated myself, I desired a gentleman, who has for many years, in conjunc-

tion with myself, thought critically, of the Gaelic language, to throw our opinion

upon paper, at his convenience, more for your satisfaction than from either a

wish or expectation of making converts of others. This he has done accordingly,

* Institutes, 2d ed., page 293. The Lectures on Moral Philosophy were translated into

French, and attracted much attention abroad.
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as you will find under another cover, which goes by to-morrow's post. As my
friend has left little that is material for me to add, I shall not trouble you with a

long letter.

" Our friend, Dr Blair, I perceive, labours under much want of information

on the subject ; for there is not one of the points on which he states his objections

founded in fact, and, that being the case, his arguments and reasons require no

answer. I cannot conceive what interest, except it was a silly degree of vanity,

to give themselves a consequence on account of their knowledge in the Gaelic,

those persons who gave the information had in deceiving our friend.

" Mr Davidson writes rationally, but he seems not to know that there is scarce

any manuscript to be followed, except, indeed, a very few mutilated ones in a

kind of Saxon characters, which is as utterly unknown to the Highlanders as

either the Greek or Hebrew letters. With respect to the cheap copy he mentions,

if there should arise a wish for having a small edition, there is scarce any

common printer but can metamorphose the Greek character into something like

it in the Roman. With respect to the splendid edition now intended, it was

never my intention to put it up to sale, so that its grandeur will not keep it out

of the hands of those who would enjoy it most. I believe it will appear, from the

accompanying observations, that there are not many of those amateurs between

Glotta and Tarvisium.

" Mr Davidson should be informed, that neither the Irish nor the Scotch High-

landers had ever any alphabet of their own. When they Avrote, or attempted to

write, they made use of the Saxon characters, which are much more confined than

even the Roman, from which they are derived.

" As I have heard that Mr Davidson is an excellent Greek scholar, he may be

induced perhaps to try the effect of the specimen now sent on the Highland

porter or chairman, in the manner recommended in the accompanying observa-

tions. Our friend Mr Home, and even Dr Blair, who are both good Grecians,

will be able, I trust, to read the original of Ossian, as it is to be printed in Greek,

in a manner that will be intelligible to such Highlanders as understand their

native tongue. But these, I apprehend, are much more circumscribed in number

than is generally supposed.

" The result of the whole is, that I have resolved to follow the example of the

old Druids, in writing the Celtic language in Greek characters. I shall not, there-

fore, with Dr Blair, agree, ' That it is the opinion of some of the learned in Earse

that must determine the point, and that to them it must he submitted.'' Where

those learned men are I have never been able to learn. With respect to the

clergy, I would rather take their ghostly advice on matters of religion than accept

of their opinion about the manner of printing profane poetry. I consequently

request, that instead of submitting the decision to them you will be pleased to

return to me the specimen, already in your hands, at your convenience. And
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after having weighed the observations at your full leisure, and at your own time,

you will please to put them also under a cover to me. You will easily per-

ceive, that .this letter is meant only for your own eye ; for few men wish to know

that they have been so long deceived, on a point which the smallest attention

might at once ascertain.—With my best respects to all friends, I am, with great

esteem, yours most faithfully, James MacPherson."*

The observations on the method to be adopted in printing the Gaelic language

in Greek characters, drawn up at M'Pheeson's desire, and sent to Ferguson

along with the above letter, were to the effect, that the existing Gaelic ortho-

graphy does not give the pronunciation of that language with truth and cer-

tainty, for the same letters represent different sounds, and the same sounds

are expressed by different letters, and this in a promiscuous manner, according

to the fancy of the writer. That in Gaelic a large number of letters are absolutely

quiescent, which were probably introduced to represent in a clumsy manner a

coarse pronunciation used chiefly in Ireland. That from these irregularities in

the use of the letters which are really needful, and from the absurd accumula-

tion of those which are useless, confusion has arisen, that renders the writing of

the language arbitrarj^ and the reading of it a matter of conjecture. With the

view of making an experiment, a Scripture story—the finding of Moses by

Pharaoh's daughter—was copied from the Gaelic translation of the Bible, and

on the opposite page the same words were written in Greek characters. This

specimen of the proposed system was circulated by M'Pheeson among his

friends, who were requested to make the experiment of reading the specimens to

some illiterate Highlander, with the view of ascertaining which of the two would

be best understood. In answer to the objection, that the use of the Greek

alphabet would be a great inconvenience and innovation, it was urged, that

y the Highland gentry do not generally read the Gaelic ; that it would be but the

labour of a few hours to master the Greek letters, and their use would smooth

the way for those who wished to read and write the Gaelic language. It was

further expected, that the familiar use of the Greek letters would naturally

lead to the study of the Greek language itself, then much neglected in Scotland
;

and that it would be " no degradation of its characters to express the composi-

tions of a poet, which the taste and learning of Europe have long since ranked

among the admirable works of antiquity."

To the letter of M'Pheeson, and these observations, Ferguson replied in the

following terms :—

" Edinlurgh, 30th May 1793.

My Dear Sie,—I am glad you are decided on the form in which Ossian is to

be recorded. You may expect to hear different opinions on the subject ; but if

* MSS. University of Edinburgh.
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any one thinks he can do better in a more portable form, or in Roman character,

this he can easily accomplish from your standard copy; and I shall cease to

reason on the subject. Being but a bastard Gaelic man, my ear is a very uncer-

tain rule for pronunciation or orthography. I will, however, mention what

occurs under correction of your better judgment. Will it not be proper to prefix

an alphabet, with notice of the power of each letter? If so, I think the two

sigmas should be distinguished, the one s the other sh. I think the alpha is

sufficiently full and broad in the sound without any additional vowel, as (v), for

instance ; and I think the upsilon should have the power of the English {v) uni-

formly given to it. The modern Greeks always pronounce it so. The (a), falsely

numbered with the diphthongs, should always stand for the Italian (u) or English

double (oo), as in moon or boon, &c. To illustrate these remarks, I have ventured

to mark the changes they would make in the specimen. Axxt, I see, you spell Mith

a kappa, to my ear it is rather a (y), gamma ; however you know much better.

Query, also whether the nasal sound, when the article ocr precedes a word be-

ginning with gamma or kappa, may not be marked with the double gamma, as

in the tale of Pharaoh's daughter (ayy xo^a^) ; so much for remarks which you will

not make any use of, as you see cause. I have conformed to your former injunc-

tion exactly in consulting no more persons. There are few persons of any educa-

tion in the Highlands, whether clergy or laity, that do not know the Greek

alphabet ; and perhaps will have easier access to your Ossian in that alphabet

than they would in the barbarous orthography which few, and I among the

rest, never learned to read. I know that this would make many a learned man
stare. For there is no persuading people south of Tay, that all the works of the

bards are not to be found in booksellers' shops in Lochaber or Morven the capital

of the country at least. I tryed your experiment on J. Home, and he made it much
more intelligible from the Greek orthography than from the Roman. I showed

him in confidence your flagellation of the Edinburgh critics, and he is much
diverted. I admire the fair hand and current writing of Greek in your amanu-

ensis.—And am, dear sir, your most obedient and most humble servant,

" Adam Ferguson."*

M'Pherson does not seem to have received much encouragement towards

using the Greek characters for his projected edition. He died three years after

this, and the Poems of Ossian, which were printed in Gaelic after his death,

appeared in the ordinary Roman characters.

About the end of the year 1793, Ferguson, although now in his seventieth

year, finding his health much improved, formed the resolution of visiting Italy,

that he might be the better able to prepare a new edition of his Roman History.

He accordingly set out for the Continent on his way to Rome, and visited the

chief cities of Germany, in all of which he was received with much distinction.

* This letter has been kindly furnished by Sir David Brewster.
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The following letters, addressed to Sir John M'Pherson, were written from

Frankfort, Munich, and Venice, and are interesting from their allusions to pass-

ing events at this memorable period :
—

" Frankfort, 25th Sept. 1792.

" My Dear Friend,—I wrote a line from Ostend, to give notice of my safe

arrival on the Continent. I have since made out so far of my journey to this

place, where I halt a day or two ; but do not find that I can venture to go in

search of the Marquis Lucchesini, and therefore enclose your letter to him, and

consign it to the post, with my regret for not being able to do more. Military

matters are well here, a division of French prisoners has just past, a second is

expected at night, and a third to-morrow, amounting in all to about three thou-

sand men taken in battle lately by the Duke of Brunswick, but I cannot learn

where. You pelted me with letters from the Continent, to which I was not en-

abled to make any answer. I should be sorry to return you the compliment

exactly. My pelting will be very moderate, and your answers, I hope, will come,

though I don't at present know where to direct them nearer than Rome, to the

care of Mr Jenkins, banker, and there, in the name of God, let them come as

many, and as soon as possible ; that is to say, much sooner than gleich and

gescliwind, which I have generally found to be as slow as possible. All I have to

say for the present is, that travelling even here is certainly a very healthy

business, for I thrive wonderfully upon it. I have some inducements to go by

Munich, and to take the inland route by Nurenburg, &c., as I know less of it than

I do of the other, and the road, I am told, is good. I sometimes torment myself

with thinking what is to become of the world ; but as 1 have no commission to

govern it, the wisest course is to mind my route, and so I shall do in the best

humour I can muster.—Believe me to be yours most affectionately,

" Adam Ferguson."*

" Munich, Uh Oct. 1793.

" My Dear Friend,—Here I am at Munich, in a most prosperous course of

travelling, waxing in strength and patience. I sent you a line from Frankfort,

intimating my intention of sending your letter to the Marquis Lucchesini, with

my regret for not being able to hunt for military quarters in person. I did so in

the best French I could muster. The elector of Bavaria said at his levee yester-

day that the king of Prussia has declared his intention to winter at Berlin, and
to leave his army under the Duke of Brunswick. There is, I find, a hankering in-

clination to censure his Majesty, on a supposition that more might have been

done in the campaign ; but I am of the opinion, which I guess is also yours, that

to hem in the French, and give them as few opportunities as possible to take

* MSS. University, Edinburgh.
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what we call crop to themselves, is the very perfection of conduct. There is a

report here that the Emperor is about setting out for Brussels, and that even part

of his equipage is in readiness. I surprised James Stuart by meeting him here,

and find we shall be much together at Rome, &c. &c. It is now about forty

years since I have known him to be one of the pleasantest, naive, and best

hearted creatures in the world. I am introduced to Mr Walpole here, and was

at a mni diner d'Embassadeur, all English, at his house yesterday ; but I shall

make no stay, being very impatient to get within the precincts of the Old Re-

public, and no less impatient to be at some place where I can hope to hear from

you, and learn something of what is doing in the world ; for in this way of life

we are hood-winked, and know no more than can be seen when the glasses of

the sulky are down.—I am, my dear friend, yours most affectionately,

" Adam Ferguson." *

" Venice, 19th Oct. 1793.

" My dear Friend,—I write merely to let you know what is become of me,

and the sum total is that I am well, and have come on as prosperously as a

speculative master and a dumb servant could do without any other aid. I wrote

a line also from Frankfort or Munich, with an account of what I did with your

letter to Count Lucchesini. I see from newspapers since, that if I had stayed

but a few days more at Frankfort I should have seen him there ; but the secrets

of kings who can know ? and I should have thought myself in a scrape amidst

the scarcity of horses, caused by his Majesty's motions. In the way I took by

Nurenburg and Munich I avoided that distress, came prosperously through the

Tyroll, and at Verona began to reap the fruits of my labours. If you remember,

the Cimbri or Teutones are said to have performed wonders against Catulus the

Roman general in that neighbourhood ; and though it be not of much conse-

quence whether that tale be exaggerated or no, yet I was anxious to judge of its

credibility on the spot, and got on horseback from Verona for that purpose, and

reconnoitred the banks of the Adige for some little way. So far I had come post

;

but there I fell in with a Florentine veturino, who had brought some travellers

from Florence. I rode his horses at Verona, and agreed with him to drive my
Titbo thing to Padua. We agreed so well on the road, that I have lodged and

boarded myself with him all the way to Rome. He seems to be a good-humoured,

cai-eful creature; and I am happy to escape the blustering postilions of the eccle-

siastical state. I told him I should be at Florence soon, though at present I go

by Loretto ; and if any distress befal me, my point of rallyment will be Florence,

being under the special protection of Count Manfredini, so that Antonio Lopini,

this veturino, and I are already a sort of compatriots. I languish for news from

England. I call for newspapers everywhere, but nothing has yet overtaken me

* MSS. University, Edinburgh.
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more than I knew, and in part witnessed in passing through Flanders. I some-

times flatter myself that you will not have waited for accounts of my arrival at

Rome, but will have written under care of P. Moir, and Jenkins the banker; if

you have not, pour I'amour de Dieu delay it no longer. I could not pass this

place, though it is much too modern to be any object to me ; I v/onder at it ; but

am not much delighted. Si je rHawis que soixante et dix ans, as Voltaire used

to say, I would read its history with great avidity ; but that is for the world to

come. I went to the opera last night, and was truly entertained with the audi-

ence.—I am, my dear friend, yours most affectionately,

" Adam Ferguson."*

From the disturbed state of the Continent at the time, owing to the effects of

the French Revolution, Ferguson's stay at Rome was shorter than he anticipated,

but he returned to Edinburgh much pleased with his tour.

After his return he continued to reside at his villa at " the Sciennes," where

he enjoyed the society of his literary friends. Principal Robertson dwelt in the

neighbourhood, at the Grange House, and Mr Cockburn, father of Lord Cockburn,

had his abode in the immediate vicinity, at Hope Park, midway between the

houses of the Principal and his late colleague. Lord Cockburn informs us, in the

" Memorials of his Time," that he, when a boy, was frequently at the houses both

of Robertson and Ferguson. He thus gives us his recollection of Ferguson's

appearance :
—" Our neighbour on the east was old Adam Ferguson, the historian

of Rome, and Stewart's predecessor in our Moral Chair—a singular apparition.

In his younger years, he was a handsome and resolute man

Time and illness, however, had been dealing with him, and, when I first knew

him, he was a spectacle well worth beholding. His hair was silky and white ;

his eyes animated and light-blue ; his cheeks sprinkled with broken red, like

autumnal apples, but fresh and healthy ; his lips thin, and the under one curled.

A severe paralytic attack had reduced his animal vitality, though it left no ex-

- ternal appearance, and he required considerable artificial heat. His raiment,

therefore, consisted of half-boots, lined with fur; cloth breeches; along cloth

waistcoat, with capacious pockets ; a single-breasted coat ; a cloth greatcoat, also

lined with fur ; and a felt hat, commonly tied by a ribbon below the chin. His

boots were black, but with this exception, the whole coverings, including the hat,

were of a quaker-grey colour, or of a whitish-brown ; and he generally wore the

furred greatcoat even within doors. When he walked forth, he used a tall staif,

which he commonly held at arm's-length, out towards the right side ; and his

two coats, each buttoned by only the upper button, flowed open below, and ex-

posed the whole of his curious and venerable figure. His gait and air were

noble ; his gesture slow ; his look full of dignity and composed fire. He looked

* MSS. University, Edinburgh.
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like a philosopher from Lapland. His palsy ought to have killed him in his

fiftieth year, but rigid care enabled him to live, uncrippled either in body or

mind, nearly fifty years more. Wine and animal food besought his appetite in

vain, but huge messes of milk and vegetables disappeared before him, always in

the never-failing cloth and fur. I never heard of his dining out, except at his

relation, Joseph Black's, where his son. Sir Adajsi (the friend of Scott), used to

say it was delightful to see the two philosophers rioting over a boiled turnip.

Domestically he was kind, but anxious and peppery. His temperature was regu-

lated by Fahrenheit ; and often, when sitting quite comfortably, he would start

up, and put his wife and daughters into commotion, because his eye had fallen

on the instrument, and discovered that he was a degree too hot or too cold. He
always locked the door of his study when he left it, and took the key in his

pocket; and no housemaid got in till the accumulation of dust and rubbish made

it impossible to put the evil day off* any longer, and then woe on the family.

He shook hands with us boys one day in summer, 1793, on setting off", in a

strange sort of carriage, and with no companion except his servant James, to

visit Italy for a new edition of his History. He was then about seventy-two,

and had to pass through a good deal of war, but returned in about a year younger

than ever." *

In 17y5, Ferguson received a severe blow to his domestic happiness by

the death of his wife, who had been his faithful partner for nearly thirty years.

Being now well advanced in years, and taking but little pleasure in society,

he began to look about for a spot where he could spend the rest of his days in

peaceful seclusion. It happened at this time that the old castle of Neidpath, over-

hanging the Tweed, near Peebles, was left untenanted by the Duke of Queens -

BERRY, and Ferguson, charmed by the beauty of its situation, interested himself

to procure a lease of the old castle, and a few acres of ground, from the Duke.

The following letter fully shows the eagerness with which this new arrangement

was entered into by the veteran philosopher :

—

" Edinburgh, 20th May 1795.

" My Dear Friend,—Tho' the time is now approaching at which I have for

some time past flattered myself with the hopes of seeing you here, I take my

chance of overtaking you at Brompton with a few lines. The scheme of a country

life, which you proposed to dispute, still remains with me, and I have been look-

ing out for some place at which to settle. Among others, I have seen the castle

of Nydpath, on the Tweed, belonging to the Duke of Queensberry. It has been

lately dismantled, or stript of its furniture, and so far destined to become the

habitation of bats and owls, or what is little better, such a tenant as I am. The

servant who showed the place told me that his Grace has been asked to let it,

but declined, which makes my prospect somewhat desperate. I have, neverthe-

* Memorials of his Time, p. 48.
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less, made proposals in form to the man of business here. And beg the favour

that, if you should see the Duke of Queensberry, you will try to incline his Grace

not to forbid any transaction with me. And I undertake to satisfy you that the

scheme I propose is the best for my family as well as myself. I am, your most

affectionate humble servant, Adam Ferguson."*

It was in the month of May that Ferguson had removed his household gods to

Neidpath, and during the summer the old Castle was found to be a most desirable

residence. " The woods, the hills, and the river, are Elysian, and the atmosphere

all composed of vital air." These were his expressions in September ; but when

the cold blasts of winter approached, the Castle was anything but an enviable

residence in its existing condition. The following letter to Sir John M'Pherson

gives a glimpse of his situation in the winter season there :

—

" Nydpath, 9th January 1796.

" My Dear Friend,—I have just now received your affectionate letter, with

the inclosed commission of business for Adam the Writer to the Signet, and write

merely to get out my breath on this plaguy situation into which I have got,

without the accommodation of either town or country. ... I now see the

mistake of having thrust myself into this situation before it was cleared for me
one way or another ; but I reasoned that I must either occupy the Castle before

winter to keep it in repair, or lay aside thoughts of it altogether, to the last of

which I was extremely reluctant. I am sensible what I should do now is to wait

the chapter of accidents, but patience, the great virtue for succeeding in any-

thing, has been but very scantily dealt to me. Old as I am, I had rather be

doing anything, than wait doing nothing, of which this very letter is a suffi-

cient proof ; for it certainly will do you no good, nor me any other than employ-

ing some minutes of this woful time. I have to wait for some instruction to his

man of business from the Duke of Q. So much for one Duke ; if ever I have to

do with another, I will give them leave to duck me in the first horse-pond. I

am, most affectionately yours, Adam Ferguson."*

It has been remarked, that no Stoic philosopher more completely subjected

his passions and his feelings to his reason than did Ferguson ; but the discom-

forts attendant upon his residence at Neidpath were a sore trial for his philosophy.

Writing about them, in February, he says, " if any body think me a philosopher,

he is grievously mistaken. I have done nothing but yeste and scold inwardly for

three or four weeks, not to say months."

The arrangements necessary to get quit of the lease of the Castle were, how-

ever, easily made ; and he took up his residence at Hallyards, a farm in the

* MSS. University of Edinburgh.
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immediate neighbourhood, where he lived for the next fourteen years,—a longer

period than he had ever spent in any of his previous places of abode. During

this period he still enjoyed good health, and interested himself in farming with

all the ardour of a young agriculturist.

It was to an incident which occurred while Ferguson lived at Hallyards,

that we owe one of Sir W. Scott's most characteristic novels. Among the

hills near the house lived an eccentric and misshapen dwarf, called David

Ritchie, and Scott, then a young advocate, when he came in 1797 to pay a visit

to the Fergusons, was taken to see David as one of the lions of the district. The

strong impression which the interview with the hermit, who was supposed to be

possessed of magical powers, made on Scott, was never effaced; and the tale of

the ' Black Dwarf,' published twenty years afterwards, owed its origin to this

remarkable occurrence.*

The following letter addressed to Sir John M'Pherson, contains Ferguson's

views as to the epitaph which he wished to be inscribed on his tomb, and also

an allusion to the energy which was the distinguishing feature of the character

of the late Sir John Sinclair.

" Hallyards, 2d July 1798.

" My Dear Friend,—My silence is not negligence nor forgetfulness. If I had

ten thousand of the best letters that ever were written, you should have them

all ; but what can I write from this post, at which my prime consolation is, that

I have nothing to do but to wait quietly till my time comes. The French, I trust,

although they may teaze, cannot subdue this armed nation ; and all speculation

on the subject is at an end. I have in my view a most delightful kirkyard,

retired and green, on the bank of a running water, and facing a verdant hill,

which in your part of the world would pass for a tremendous mountain ; but to

me it gives the idea of silence and solitude away from the noise of folly; and so

I fancy myself laid there, with a stone to tell the rustic moralist what he will not

imderstand, because I sometimes project it should be in Greek, as follows :

—

^i ^yw

rov Kosfiov i^a-oiLaGcL, %ct.i a-o ka.sa[j.n)og ;^a/c£
; but then, again, I wish to explain it, and so it

should be, ' I have seen the works of God, it is now your turn, do you behold them

and rejoice.' I would speak my verse for agriculture in Greek also,

—

AvQ^umM ix^oi

yiM^yia,—and you may judge of my willingness to write when I put all this on*

paper to you. I have not stirred from home for many months past till lately,

when Admiral and Mrs Nugent being at Edinburgh led me thither to gratify my
sense of their kindness to my little seaman. And I am still the more convinced,

that Nugent is the most amiable, faultless creature upon earth. In that excur-

sion I met our friend, Sir John Sinclair, in the street ; this put it in his head to

write to me since my return hither, an account of works he is projecting to pro-

mote what he calls statistical philosophy. I hinted that his project is too vast;

* Chambers's Hist, of Peeblesshire, p. 402.
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but he tells me that his mind is made up to draw it on a great scale, and on as

perfect a plan as possible ; and that he never started at any difficulty that could

be surmounted, ever since he collected, as far back as the year 1780, one thousand

and two hundred men, and in one day's time made a road of six miles long over

a mountain, till then thought impassable. The fact is, that he has got an in-

stinct to be doing, which other people ought to know how to employ without

turning him out of place. Although I have so many excuses for writing so

seldom, I am not willing to allow you any ; so I pray, when you are writing how-

ever, let there be a scrap for me, even if you should not be able to tell me what

is become of Buonapakte. By the by, is that a genuine Prussian paper in

answer to the French demands, which we have in the newspapers ? It is menacing,

and I do not see how the great nation can give way to it, without appearing to be

cowed. They certainly meant to gall us, and to secure the co-operation of

Prussia against us, by transferring Hanover, &c. &c.—Yours most affectionately,

" Adam Ferguson."*

The following letter, also addressed to Sir John M'Pherson, concerning the

purchase of an estate in Peeblesshire for a ward of Sir John's, contains an allu-

sion to Allan Ramsay and the Edinburgh writers:

—

" Ilallyards, \st August, 1798.

"My Dear Friend,—To begin where your letter ends amicus amicissimus

indefatigaUlis. After having splashed you before with bad Greek, you are well

off that there is nothing more now than bad Latin. I do recollect hearing of S.

J. E.'s desire to have some land property near his native spot, but at present knoAv

nothing more, nor do I know of any fit place at Peebles for your ward, but shall

inquire. There is no property in this country you know without a doer, as Allan
Ramsay used to call the writers when he was angry with them, which he was,

indeed, for the greatest part of every hour of his life. If there be any subject on

which to make us your doer, we shall not neglect to do what is proper ; and for

the sequel, if there be any sequel, it must come as God will have it in the whims
and inclinations of those concerned. As to the world, I am glad you think

BuoNAPARTfi is gone upon a mere trading or plundering voyage. In that way he

cannot be long without having the seas disputed with him, and I patiently wait

for the consequence, without supposing that every encounter of ours must be

veni, vidi, vici, for even the great Julius was a puppy at a time, and more so than

has yet appeared of Buonapart£. A combination of Europe, including Russia,

if not properly directed would do us no good. You may possibly remember my
bull, that the proper way to make war on the great nation is to make peace

with them. In this they are too wise to be caught, I mean their directors ; but

I think we may make a war as like peace as possible, especially if Europe com-

* MSS. University of Edinburgh.
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bine in it, by keeping them at bay,—leaving them no outlet from home, nor

i^oading them with any trifling attacks to keep their attention and animosities

directed abroad. There was an expedition to Ostend, and there is one again now,

the newspapers say, from Margate, mere proofs that we have not yet learned the

character of our enemy or the nature of our contest, but of that no more. I am
no oppositionist, and this moment think the nation in a most prosperous state

—

that is to say, we have men, arms, and spirit, and if we should come to have less

wealth we must consume the less, either by having fewer mouths or putting less

in them. I was in Edinburgh for a day or two when your last letter came here

to Hallyards, otherwise, having now three or four such favours to acknowledge,

should have done it sooner. The ' Roman History' advances but slowly. The

printers have much other work when our law courts are sitting ; then much of

the business proceeds by a kind of paper war from the press. Five octavo vol-

umes are projected, but little more than one is yet printed. I shall be obliged to

your German author for his prolongation scheme, though having annuities and

salaries from other people, 'tis like they think I have prolonged enough. I went

to Edinburgh to see our friend G. Johnstone, and was highly gratified.—I am,

my dear friend, most affectionately yours,

"Adam Ferguson."*

In the following extract from a letter, written in 1799, Fekguson thus ex-

presses his opinion of the views then published by Sir James Macintosh.

At that time Macintosh had lieen recently called to the English bar, and with

the view of bringing himself into notice, he delivered a course of lectures on the

Law of Nature and Nations.

The introductory lecture was published as ' A Discourse on the Law of

Nature and Nations,' and it, with the other lectures of his course, received the

highest praise from men of every shade of political opinion.

Ferguson states, " I hear very favourable accounts of Mr Macintosh's per-

formances at Lincoln's Inn. As I judge only from his pamphlet, his tone, though

perhaps more harmonious, is in unison with mine. He had his reasons, probably,

for not mentioning me, and I am not solicitous about them. He will probably

procure to Moral Philosophy that popularity in England which I wished for, but

have been unable to obtain. His taking his ground in the law is not so apt to

alarm the Universities and the Church as if he had called his object Moral Philo-

sophy, which those authorities sometimes mention among the corruptions of the

times." *

The literary labours of Ferguson were not yet over. In 1801 was published

his already mentioned contribution to the Transactions of the Royal Society, under

the title ofMinutes of the Life and Character ofJoseph Black, M.D. In it there is

* MSS. University of Edinburgh.
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given a concise but interesting account of Black's discoveries of carbonic acid and

latent heat, which entitle him to be regarded as the father of modern chemistry.

It was his relationship to the family of Joseph Black,* which was probably

the indirect means of forming Ferguson's own philosophical views. The father

of Dr Black had been a wine merchant at Bourdeaux, and when residing there

enjoyed the intimate friendship of the great Montesquieu, who was the president

of the parliament or court of justice of that province. The letters and scraps of

correspondence which passed between Montesquieu and Mr Black, the descend-

ants of the latter preserved as though they had been titles of honour belonging

to their race. In his own Philosophy, Ferguson has in many places followed

the views of Montesquieu, and his ' Essay on Civil Society ' may be regarded as

an eloquent introduction to the immortal work, ' The Spirit of Laws.'

The infirmities accompanying advanced life now made Ferguson desirous of

again residing in a town, where he might have more opportunities of conversing

with intelligent friends.

As St Andrews was the place where he had been educated, his early predilec-

tion for that ancient city returned, and in 1808 he retired thither to spend the

remainder of his life.

He there enjoyed the society of the Professors of the University, and that of

the patriotic George Dempster of Dunnichen, whose endeavours to extend the

manufactures of Scotland are well known.

Among Ferguson's letters, perhaps not the least curious is the following,

addressed to Mr Carlyle Bell, in which he expresses his opinion of the ' Diary'

of Dr Carlyle of Inveresk. Carlyle died in 1805, and it was proposed in 1810

by his executors to edit this work, which, however, has only recently appeared

under the editorial superintendence of Mr J. Hill Burton. Had it been published

in 1810, in place of 1860, the Diary would not have excited the same interest :

—

''St Andrews, 2\st July 1810.

" My Dear Sir,—I have received your letter acquainting me that trustees

whom you do not name, are now deliberating on the publication of my worthy

friend and your late uncle's manuscripts. Of this you must be sensible that I

cannot give any opinion. The small part I saw, or with my impaired sight could

decipher, did not appear to me intended for publication ; but rather the amuse-

ment of leisure in the exercise of a talent in which our friend excelled ; the easy

and satisfactory detail of familiar occurrences affording a pleasure which his

correspondents experienced in every letter he wrote to them. I was so pleased

in reading the part you showed me or I could attempt to read, but it related to

things and persons most of us so obscure as not to be entitled to public notice,

* The mother of Ferguson was aunt of the mothers of Joseph Black and James Russell
Professor of Natural Philosophy. Ferguson was also married to Dr Black's niece.
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that I should not be willing to exceed what I believed to be the writer's original

intention by publication ; and I thought myself the more at liberty to give this

opinion that I found my own name repeated with that partial favour which 1

always experienced from my friend. It was our lot through great part of our

time to be neighbours so near as to be frequently together, and the opportunities,

I believe, were never willingly omitted by either. We were socii cj^iminis in the

countenance we gave to the first representation of our friend J. Home's tragedy

of Douglas, a charge for which I was never called to account. But Dr Carlyle

was more known, and had more enemies, who, by prosecuting him for this offence,

declared him innocent of anything more likely to serve their spite. We were also

accessory to the formation of a Poker Club, and survived most of its members,

and thus had occasions of regret which are but ill repaired in the solitary com-

forts of sequestered old age. You cannot doubt my desire to promote the respect

which is due to the memory of Dr Carlyle, but how I know not, beyond the

testimony, if it were called for, that I never knew a more steady friend or more

agreeable companion, and in this I should have so many concurring witnesses as

to make my words of little account. I shall be anxious to know how you proceed,

and I beg I may hear from you.— I am, with best respects to Mrs Bell, yours

most affectionately, Adam Ferguson."

During his residence at St Andrews Ferguson's mind was almost as vigorous

as in his younger days, and his bodily functions, with the exception of his sight,

were scarcely impaired by age.* Even in 1815, the year before his death, his

health was better than it had been for some years, and his spirits were elevated

by the successful termination of the war with France, in which he had always

been much interested.

About the beginning of February 1816, however, he was attacked by a febrile

complaint, to which he had been occasionally subject. This illness, after con

tinning for four days, proved fatal on the 22d of that month, when he was in th(

ninety-third year of his age.

Ferguson had a family of seven children, four sons and three daughters. His

* In 1812 Ferguson was requested by Mr Henrt Mackenzie—'The Man of Feeling'—to

furnish him with some memoranda relative to his eai'ly acquaintance with John Home, author of

' Douglas.' Mackenzie's last literary effort was a Memoir of Home, which he read before the Royal

Society in 1822, and which was afterwards published in a separate form. To that volume an

Appendix is added, containing a remarkable letter, written when Ferguson was in his ninetieth year.

Besides referring to his early connection with John Home, it contains further information as to his

views with reference to the Ossian controversy.

There was also published, after his death, a short biographical sketch or memoir of his friend,

Lieut.-Col. Patrick Ferguson (second son of James Ferguson, of Pitfour, one of the Lords of

Justiciary in Scotland), which he had written some short time previously. It was intended as an article

for the Encyclopaedia Britannica, but it was considered by the editor too long for that work ; and as

Ferguson declined to abridge it, it was not inserted. A few copies were printed in 1817 from the

original sketch, for private distribution.

I



MR small's biographical SKETCH OF PROF. ADAM FERGUSON. 66!P

eldest son, Sir Adam,—one of the most genial and kind-hearted of men—was an

early friend of Sir Walter Scott, and is frequently alluded to, under the soubri-

quet of Linton, in Sir Walter's Life by Lockhart. His second son, Joseph,

entered the army, and died in India in 1800 as Captain in Lord Seaforth's regi-

ment. His other sons were, James, Colonel H.E.LC.S., and John, Rear-Admiral.

Royal Navy, who survived their father.

His daughters, Isabella, Mary, and Margaret are frequently noticed in

Lockhart's Life of Scott, as having, when residing at Huntly Burn, formed part

of the delightful circle which Scott gathered around him at Abbotsford.

In these Memorials of Adam Ferguson, which we now conclude, we renew

our converse with many persons of whom Scotland has every reason to be proud,

and amongst whom Ferguson deservedly holds a high place. Whether viewed

as a historian, a moralist, or a man, Ferguson was eminently distinguished by a

vigour and a simplicity of character which well entitle him, as the last survivor

of a galaxy of great contemporaries, to be designated Ultimus Romanorum !

On the monument erected to his memory by his family, within the grounds

of the old Cathedral of St Andrews, is the following elegant inscription, from the

pen of Sir Walter Scott :

—

HERE REST

the mortal remains of ADAM FERGUSON, LL.D.,

PROFESSOR OF MORAL PHILOSOPHY IN THE UNIVERSITY OF EDINBURGH.

HE WAS BORN AT LOGIERAIT, IN THE COUNTY OF PERTH, ON THE 20th OF JUNE 1723,

AND DIED IN THIS CITY OF ST ANDREWS, ON THE 22d DAY OF FEBRUARY 1816.

UNSEDUCED BY THE TEMPTATIONS OF PLEASURE, POWER, OR AMBITION,

HE EMPLOYED THE INTERVAL BETWIXT HIS CRADLE AND THE GRAVE WITH

UNOSTENTATIOUS AND STEADY PERSEVERANCE IN ACQUIRING

AND DIFFUSING KNOWLEDGE,

AND IN THE PRACTICE OF PUBLIC AND OF DOMESTIC VIRTUE.

TO HIS VENERATED MEMORY
THIS MONUMENT IS ERECTED BY HIS CHILDREN,

THAT THEY MAY RECORD HIS PIETY TO GOD AND BENEVOLENCE TO MAN,

AND COMMEMORATE THE ELOQUENCE AND ENERGY WITH WHICH HE INCULCATED

THE PRECEPTS OF MORALITY,

AND PREPARED THE YOUTHFUL MIND FOR VIRTUOUS ACTIONS.

BUT A MORE IMPERISHABLE MEMORIAL OF HIS GENIUS EXISTS IN HIS

PHILOSOPHICAL AND HISTORICAL WORKS,

WHERE CLASSIC ELEGANCE, STRENGTH OF REASONING, AND CLEARNESS OF DETAIL

SECURED THE APPLAUSE OF THE AGE IN WHICH HE LIVED,

AND WILL LONG CONTINUE TO DESERVE THE GRATITUDE, AND COMMAND
THE ADMIRATION OF POSTERITY.
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In the year 1859, a book of remarkable power and originality was published

by Mr John Taylor, of London, entitled " The Great Pyramid, why was it built ?

"

On first looking into it, I was unfortunately inclined to fear that its results

were unlikely to be very sound ; though merely because they seemed to bear, in a

hitherto nearly barren, or difficult, and certainly most mysterious field, such a

remarkably large crop of rich and promising-looking fruit. But considering after-

wards, that that was not the proper frame of mind to be indulged in connection

with, and certainly not in place of, strict scientific investigation into the merits

of the case,—I read the book carefully, and then searched for the data required

to test it, both in the original authors appealed to, and in some others.

Without attempting to follow Mr Taylor in all the learnedly copious breadth

with which he treats the subject, and which would be quite beyond my powers,—

I

have endeavoured to submit to a still more searching examination than he him-

self has done, such part of his inquiry as I felt myself in some measure pro-

fessionally conversant with the general principles of,—and have now to submit

the results to the indulgence of the Royal Society of Edinburgh,

(1.) Circumferential Analogy of the Pyramid.

The first proposition or statement which Mr Taylor puts forward, admitting of

scientific examination is, that—" the vertical height of the Pyramid (which rises

from a square bed, see Plate XXVII. fig. 7), is, to twice the length of one side

of its base, as the diameter to the circumference of a circle : " or, as in fig. 1 on

the next page

;

Where, AC DB x 2 Diam. Circumference

: DEFB 1 : 3-14159, &c.

VOL. XXIII. PART III. 8 R



668 PROF. C. P. SMYTH ON THE REPUTED METROLOGICAL SYSTEM

Now this statement alludes of course to the primitive condition of the Pyramid,

as it came out of the hands of its builders nearly 4000 years ago ; and to identify,

without any doubt, which Pyramid is referred to, we may mention that it is the

largest of the group of stone Pyramids

near the modern village ofJizeh, Jeezeh, or

Gheezeh, and some 15 miles north of the

ancient city of Memphis ; standing there-

fore on the western or opposite side of the

river Nile, to that on which the modern city

of Cairo is presently found. Altogether it

is the largest, most solidly, and compactly

built, and most exquisitely finished in its

interior, as well as one of the earliest of

all the Egyptian Pyramids ; has generally

been known amongst all nations for ages

as " the Great Pyramid ;" and has been

in later years tried by more theories than

any other, yet without yielding hitherto

any fully satisfactory account of its objects or intentions.

For nearly 3000 years after its erection, the external surface of the Great

Pyramid remained untouched ; and would have at that time allowed Mr Taylor's

proposition to be instantly tested with severity ; for the Pyramid was then as

beautiful a realisation of the mathematical solid so called, as well could be

imagined ; but after that interval, the Arabian Caliphs in Cairo began systema-

tically to carry away the whole of the external marble casing ; leaving at last

only the rude steps of the inner component masonry, which made the new

exterior assume sensibly another figure. These stone steps too, serving unfor-

tunately after that, to render the climbing of the Pyramid easy to any one and

every one,—European, as well as other travellers have been for ages past seized

with a strange madness to clamber up to the top of the structure, and then begin

throwing down some of the uppermost stones, for the ignorant pleasure of seeing

them smashing and thundering down the steep sides of the monument ; whence it

comes to pass, says the learned " Description de I'Egypte" of the French nation,

that " the area which now exists, in place of the original sharp point, at the

top of the Pyramid, is daily growing larger, and the height becoming smaller."

Hence the original height of the Pyramid cannot now be determined by

direct measurement ; and though, abstractly, we might compute the proportions

required in Mr Taylor's proposition,— either, from the measured axial height

and the length of one of the sides of the base,— or, from the angle made by one

of the sides with the base, without reference to linear measures at all—yet we

must in practice confine ourselves to the last method alone ; that is, to procuring
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accurately the angle, at the Pyramid, represented by the angle ABC, in our

fig.L

Now, early travellers, it seems, though attempting many other measures,

seldom ventured upon angles ; or when they did, mentioned this particular angle

of the Pyramid, as being almost anywhere between 30° and 60° ; and even Dr

Perry in 1 743, who was dissatisfied with all previous measures, and found fault

with the regularity of the Pyramid also, stating that the angles of every side were

different, and ran thus 40°, 37 5, 35°, and 42°-5,—was wofuUy far from the

truth with every one of them.

Hence there is no angle observation on record worth any attention, until that

of the French savans in the celebrated Napoleonic expedition of 1799 ; and they,

confining their attention chiefly to the Northern face of the Pyramid, or that upon

which the one and only entrance into the Pyramid is found, and looking as well

as they could along the broken line of the steps of stones as left by the ravages

of the Caliphs, made the angle,

—

51° 19' 4"

This was in truth an exceedingly close approach, compared to anything that

had been previously accomplished
;
and it was confirmed by Mr Hamilton, who

visited the Pyramid immediately after they had left, or in 1801, and recorded

the angle as

51° 23' 46"

And though M. Caviglia said the angle, in 1817, was so much as 58°, it is plain

that he made no attempt at refinement in his measures.

In this state, therefore, the matter remained, until Colonel Howard Vyse's all-

important discovery in 1^39, of two of the original casing stones, well preserved

under the hill of rubbish below the entrance into the Pyramid ; and he found

them still firmly in situ ; that is, cemented securely to the grand and admirabl}^

smoothed as well as levelled plateau of rock on which the whole pyramid stands.

Colonel Vyse's three volumes should be carefully read, and some fifty other

authors, to establish the extraordinary importance of this discovery.

The stones were very large and of the most exquisitely truthful workman-

ship : one of them appearing thus in cross section (see fig. 2, on next page).

The angle of the sloping side, being carefully measured by Mr Brettel, C.E.,

for Colonel Vyse, came out 5 1° 50' ; but on computing the angle from the linear

sides as given above, in Mr Perring's measures, it appears to be = 51° 52' 30-3".

There is little doubt of the truth really lying between the two results, for

I

neither of them is to be implicitly trusted ; not the angle observed, because it is

|. exceedingly improbable that the clinometer employed was equal to the unusually

high precision required in this case ; and not the angle computed from the sides,

because those sides were not only measured with a rudeness, of merely to " the
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nearest inch ;" but because an error of more than an inch may be suspected in

measuring the lower side, or that lying flat on the rock.

Fig. 2.

Feet. Inches.

Its lower side being 8 3

„ upper . , . .

„ vertical . . . .

4

4

3

11

„ inclined . . . . 6 3

This suspicion arises, from the circumstance of the lower left-hand corner in

the section, which should be a right angle, coming out in the computation more

than one degree and a half different therefrom ; an amount of error in their

easiest angle, which the builders were not likely to commit, when they had

arrived within 1 or 2 minutes only, of what was required of them in their most

difficult angle. We have therefore as follows, from that unique opportunity of

the casing stones, which has now passed away for ever ; as the stones are since

reported to have been irretrievably injured by the hammers of specimen seekers,

and the mischief-working of curiosity-mongers.

By angle direct

By vertical and inclined sides

Mean

By angle direct

By vertical and inclined sides

By three measured sides

Mean

By angle direct

By vertical and inclined sides

By three sides

By two sides, and base |
shortened by one inch 1 j

Mean

51 50 U

51 52 303

51 51 15-2

51 50

51 52 30-3

61 50 46-5

51 51 5-6

o

51 50
51 52 30-3

51 50 46-5

61 52 12-2

51 51 22-2
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By all three means . = 51 51 152
= 51 51 5-6

= 51 51 22-2

First Mean = 51 51 14-3

Caviglia 58

French Academy 51 19 4

Mr Hamilton 51 23 46

Vyse and Brettel 51 50

Vyse and Perring 51 50 46-5

Vyse and Pei-ring ^ 51 52 30-3

Hence we may arrange the authors, angles, and the circumferential propor-

tion (or TT) which they attribute to the Pyramid, agreeably with Mr Taylor's

proposition, in this manner

—

. , «
'»'

= 2-49950

= 3-20257
= 3-19360

= 3-14393

= 3-14268

= 3-13922

Vyse and Perring corrected 51 52 122 = 3-13978

Final Mean, v., P., &B. 515114-3 = 3-14159

Now the last result for t, is absolutely correct so far as it goes ; and though

there may be some doubt about the best way of taking the mean of all the ob-

servations, where the observers had such very large probable errors as their

measures of the stones exhibit,*—yet there can be none, as to the Pyramid result

coming out better and better, in proportion as it is more closely examined into.

The Pyramid has in fact proved itself to have been built closer to the truth,

than the best and greatest of modern savans from all existing civilised countries

have been able to measure it to : and if we are obliged to draw rein in pushing

on the severity of our inquiry to still further places of decimals, the reason is not

that the Pyramid fails in accuracy, but that modern observations are not suffi-

ciently good to bear more than has been already put upon them.

This first result, therefore, of applying an independent test to one of Mr
Taylor's propositions, has ended entirely in his favour. And if the finding has

depended on the angle, A B C in fig. 1, alone, it may be as well to state here, that

there is nothing in.what remains to us of the original linear proportions of the

Pyramid that tends in any way to invalidate the conclusion.

There have been, indeed, several ingenious suggestions as to various geometrical

proportions existing between the several parts of the Pyramid, including its

height, and base-breadth ; but it is hardly worth while to allude to them further,

as they are not accurate, and have not been advanced very confidently by any

* Though the Vyse and Perring observations were so rough, yet they seem eminently honest

and fair : and it must add additional weight to their testimony in this case, that neither of these

gentlemen seem to have had any idea at the time, of what refined results their observations might

.eventually be made to bring out, or what indeed the Pyramid itself contains in this direction ; for

in his 2d volume, Colonel Howard Vyse, enumerating his laborious assistant Mr Perring's conclu-

sions about the Pyramid, says, that its height is to its base-side, as about 5 to 8 ; which gives no

closer approximation to the value of ir, then 3200.

VOL. XXin. PART III. 8 S
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one as constituting the intention of the Pyramid ; with the exception, however,

of one very old statement, treated with much favour by Sir John Herschel in the

Athenaeum, April 1860 ; and asserting, that the area of each of the four inclined

sides of the Pyramid equals the square inscribed on its height. Now to do this,

the angle at the foot of the Pyramid, requires to be, as he states, 51° 49' 46"; and

that is an angle which Sir John Herschel declares to be " practically indistin-

guishable" from the angle required by the ch'cular analogy of Mr Taylor, or

51° 51' 14*3"; and, as Herodotus says that the Egyptian priests told him, that

the area of the side to the square of the height was the intention of the Pyramid,

—Sir John accepts such explanation, and repudiates Mr Taylor's idea.

Answer may be made however, \st, That the two angles are by no means

practically indistinguishable ; and that the measures already given, point clearly

to the larger angle ; 2d, That the Egyptian priests and people, even if inclined to

instruct Herodotus, were ignorant of the full contents and objects of the Great

:

Pyramid ; and ^d, That the area analogy can rank merely as an isolated feat,

while the circular one is the most essential foundation in all that higher metro-

logy, for which it may presently appear the Pyramid was actually erected.

(2.) Standard of Lengtlt.

Having in the last section determined only the pi^oportion 'existing between

'

the height and base-breadth of the Great Pyramid, let us now endeavour to

ascertain their values in linear measure. The following are actual observations,

overlooking some comparatively small differences of French and English feet, re-

ported to have been taken by different travellers at the dates specified :

—

Name. Date A.D.
Present

Height in feet.

Northern Side of

Base in feet.

Jean Palerme, 1581 600 660

J. Greaves, . 1638 499 « . ,

D. Monconys, 1647 520 682

M. Thevenot, 1655 520 682

Mr Melton, . . . 1661 520 682

M. Vausleb 1664 662 720
M. Lebrun, . 1674 676 704
De Careri, . . . . 1693 520 682

Egraont, . . . . 1709 500 693

DrShaw, . . . . 1721 500 670

Dr Perry, . . . . 1743 687 789

M. Niebulir, . . . . 1761 440 710

Mr Davison, , 1763 461 746

M. Denon, . . • . 1799 448 728

French Savans, 1799 763-62

M. Caviglia, . 1817 756

Howard Vyse, 1839 • .- 764

The list is interesting, as showing how little mere agreement amongst dif-

ferent reporters, as in 1647, 1655, 1661, and 1693, can be taken as proving that

the truth has been arrived at. On the whole, the height has been exaggerated
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by bad observers more than the base-breadth ; the latter indeed, measured un-

fortunately on the northern side of the Pyramid only, having been apparently

shortened as compared with the latest measures : but that is mainly due to the

latter being carried on at the real base, or a broader part of the Pyramid than

the older observers ever arrived at, and being also increased by application of

the computed thickness of the casing stones to either side.

The French measure in 1799, and Col. Hov^^ard Vyse's in 1839, are indeed the

only returns that can be accepted, because the only ones that really touched the

original marks of the workmen ; and these they obtained by sinking down

through the sand-hills that have silted up all the lower part of the Pyramid for

many ages, and then uncovering on the foundational rock-area of the whole

structure the peculiar socket-marks of the old N.E. and N.W, corner stones,

clearly and deeply cut into firm material. The honour of this very important

discovery belongs to the French, and is detailed at length in their great work.

The mean of these two most useful French and English measures, gives 763"81

for the breadth of the side of the Pyramid base ; and the angle we deduced be-

fore, gives with such base, the original vertical height equal to 486 '2566 feet.

Now these are such extremely awkward fractions to have to deal with, that

we may take them as conclusive against any measure like English feet having been

employed in laying out the Pyramid. And if we seek on this principle for simpler

numbers to give the proportion for the circular analogy, we find

116-5 and 366.

They are not exact, as no numbers can be when the proportion itself is incommen-

surable ; but they are exceedingly close, the change for fuller accuracy being thus,

116-5014 and 366.

or 116-5 and 365-9956.

The number 366 in this case represents twice the base-breadth of the Pyramid,

or what was employed against the height of the Pyramid (116-5) in representing

the analogy of the circumference to the diameter of a circle. And as measures of

space and time are often considered in company, it is worth while to remind, that

366 is also the nearest even number of days in a year ; and more especially, that

it is the number of whole turns made by the earth on its axis in the same time,

as measured by the sidereal day. A length, therefore, of which 366 would

measure the double base-breadth of the Pyramid, has some arithmetical, chro-

nological, and dynamical arguments in its favour ; in connection with the last of

which, it further transpires, that such length has the very peculiar metrological

import of being the
^^ ,„,^,„,„|^

of the earth's axis of rotation ; or of the only fully

individual and correct reference for lasting national measures which the earth

contains, now that its diameter at the Equator has been shown by recent geode-

sists to vary with the longitude.

To test such a point as this, we require, not only the nominal measures taken



'374 PROF. C. p. SMYTH ON THE REPUTED METROLOGICAL SYSTEM

at the Pyramid, but comparisons of the scales or rods employed there with those

used in modern geodetic operations. These unfortunately we have not directly,

and in all the cases which I have had an opportunity of examining, there had

been a shortening of the scale in a hot, desert country. On a wooden scale,

the dry weather might account for this ; but on a steel rod where it certainly

existed, it seemed only explainable by a slow contraction of the metal, gradually

recovering itself from the operations of extension which it had undergone by

hammering and rolling at the forge.

The French savans ought to have guarded against these sources of error, and

their observation is evidently by far the more carefully taken of the two pre-

viously cited ; and gives, reduced to inches, for the -^l^th part of the double base-

breadth, multiplied by 10 millions,

500,733,000 ;

Or, in using the a^^i^^^, 500,740,000.

Howard Vyse's measure, similarly treated, gives

500,984,000,

and 500,990,000.

But correcting his measure, by the proportions which his numbers for " the coffer"

bear to those of Prof. Greaves, and correcting Prof. Greaves' measures by the

French determination of the length of the foot which he engraved in the Pyramid

on granite, immediately after measuring the coffer, and which foot is stated by

M. Jomard, in the " Description de I'Egypte," to be 0-30460 of a metre (of

which a whole length is equal to 39*37079 English inches), the above quantity

should be reduced to

499,915,000,

and 499,921,000
;

and the mean becomes, giving twice the weight to the French measure, as seems

at least its due, from the superior care taken with it,

500,528,000,

and 500,535,000

;

^ ' Mean= 500,532,000.

Now this quantity is quite contained within the variations of modern observa-

tions of the earth from each other, even in the best and latest geodetic com-

parisons; for they are given in the shape of different determinations of the

length of the earth's polar axis in inches, by De Schubert, as varying between

500,560,000,

and 500,378,000

;

but with much more inclination toward the former than the latter ; and he is not

materially differed from by the results of Bessel, Airy, Herschel, and Pratt ; the

latter, by his last refinements of taking into account the local disturbances at eachj

astronomical station, making the polar axis equal to 500,523,000 inches nearly

;

while the others are all rather under 500,500,000.
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We can hardly, therefore, do otherwise than conchide, if the supposition of a

"lucky accident" be afterwards shown improbable, that the standard of length

( = 5005 English inches nearly) in use at the Pyramid was, and was intended to

be, in linear value=
^^ ^J.^^^^,^

of the earth's axis of rotation; and it is even further

identified with the Pyramid in this manner:

—

Mr Taylor has pointed out that there are reasons for concluding that inches

were in use at the building of the Pyramid, and that these inches were slightly

larger than ours, so that 500,000,000 of them measured the earth's axis of rota-

tion precisely.

Now in the Pyramid, a body mathematically with 5 sides and 5 angles, every-

thing may be expected to go by fives ; and, accordingly, the inch, the unit of

linear measure, is the one 5-hundred-millionth of the earth's axis of rotation.

The grand linear standard,—for scientific formative purposes, or those wherein

the earth has to be alluded to as a whole,—and which we propose to call the

"metron," viz. the ^-^th of the double base, and the one ten-millionth part of the

same axis, contains 5 times 10 units.

The smaller standard,—for convenient use, and for distance-measuring, wherein

the half only of the earth requires to be referred to, because distances should be

reckoned from the centre, and not either the nearer or further, surface of a

sphere,—is ^l^t\\ of one side of the base ; contains 5 times 5 units, and is the

one ten-millionth of the earth's radius of rotation. While if a foot do not contain

any even number of fives, it likewise is not any integral fraction of the earth's

axis of rotation, is not a scientific standard, and, though tolerated in the base,

has not been allowed to enter into any of the interior arrangements of the Pyramid.

(3.) Figure of the Earth.

If anything further could add weight to the belief of the polar diameter of

the earth, so clearly hit by the actual measures of the double base-breadth, having

been intentionally referred to for the linear unit of the Pyramid, it might well be the

finding that certain other diameters are indicated in the building, and a knowledge

of the full figure of the earth, with a purpose, thereby manifested.

Without having speculated originally about any such idea, something of the

sort appeared spontaneously to me, when engaged in testing two " size-analogies,"

j

which Mr Taylor pubUshed for the second time in 1863, in his " Battle of the

;
Standards." They had been examined by Sir J. Herschel in 1859 or 1860, and

1
declared by him, in the Athenaeum of 1860 for April, to be the only cases he then

knew of, where a relation had been made out between the size of the Pyramid

and that of the Earth ; but he intimated that they were only rudely approximate.

By aid, however, of the conclusions deduced from the base of the Pyramid in our

last section, we can employ improved values, because the original ones, for both

height and base, and therewith repeat the calculation under more favourable cir-

cumstances.

VOL. XXm. PART III. 8 T
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For the height, then, we take 116-5 metrons, or 5825 primal inches; for the

base-breadth, 183 metrons, or 9150 primal inches; or 762*5 feet, i.e., primal or

Pyramid feet ; and for the polar axis of the Earth, 5(30,000,000 of the same inches.

Then, the first of Mr Taylor's two analogies is, in the form chosen by Sir John

Herschel, " a band encircling the earth, of the breadth of the base of the Great

Pyramid, contains one hundred thousand million square feet."

Adapting this statement to our primal Pyramid feet, and to a form of

expression suitable to bringing out the diameter of the earth, and in inches, we

have
100,000,000,000

«|i, 3-14159
1 ^

— 500,946,700 Primal or Pyramid inches.

This resulting quantity, so much greater than the Polar diameter, may be referred,

from the encircling-band manner of its derivation, to a mean latitude of 45'.

The second of the analogies is, that " the height of the Great Pyramid is

TTuiWo^h of the earth's circumference."

Why, however, that particular fraction ? Had it been yduWo or ^^jy^xi^ or

even T.ow.ooiy* «-^5 anything easily made up of fives and times of five, there would

have been a rude sort of " Pyramid reason" in it : but for 270,000 I could find

no reason. Considering, however, the act of standing by the Pyramid on its base,

in this inquiry where its height is to be measured against the earth which it is

standing upon, —and finding that the area of its base in hundredths of feet has,

when thrown into a circular shape, a circumference equal to 270,299,—I presumed

that that might be accepted, if not as a reason, at least as an apology, for trying

the case with that number. Arranging the expression accordingly so as to brin^

out the axis in inches, there appears,
270 299

Pyramid height in inches x o^r^y^ = ^
\

or 5825- x 86038-901 = 501,176,400 Primal or Pyramid inches.

This diameter of the earth, obtained so directly from the height and act of

standing of the Pyramid on its own base, must, if any one result could do so

more than another, refer to the diameter in the Pyramid's own latitude : and the

Pyramid's position is stated in the French maps, and most of their memoirs, to be,

29° 59' 6" ; but maybe assumed in such an approximate case as this, to be 30°.

Computing next, from a theoretical polar diameter of 500,000,000, the values

for latitudes 45° and 30"", with a compression of ^-q, we have the following to

compare with the Pyramid deductions :

—

Computed Eartli Diameters. Pyramid Analogies.

Polar, . 500,000.000. Polar. = 500,000,000.

Lat. 45°
. 500,840,000. 45°

' = 500,946,700.

Lat. 30°
. 501,257,000. 30° = 501,176,400.

Simple inspection of these numbers will show at once, that by far the greater

portion of the whole difference from the Pyramid-base deduction, assumed polar,
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is explained by the compression hypothesis, combined with the latitudes 45° and

30°. The amount of difference left outstanding, is indeed much smaller than the

limits of errors of observation in the best modern measures of the earth's polar

diameter : so that perhaps we ought therewith to be content. But of course the

question will be asked, in which way do the residual differences point, i.e., for

more, or less, polar compression than that favourite quantity of 3-^ ?

And then comes the answer ; that they indicate the average quantity of 3^
to be exceedingly close to the truth ; but accompanied by an irregularity, tending

to produce a protrusion near Lat. 45°, at the expense probably of the neighbouring

parts ; and inclining to give the earth, in meridian section, something of that

squarish look, which Sir William Herschel thought that he had detected tele-

scopically in the planet Saturn. Mr Main's Greenwich observations of Saturn

are, indeed, considered in some quarters to have annihilated the Herschelian idea

;

and they have proved that there is no very large quantity of such squareness

;

but such a moderate amount as what is indicated by the Pyramid analogies, is

far beyond the powers of astronomical micrometer observation, in our bad ob-

serving atmosphere and even in the present day, to hope to reveal.

(4.) Latitude Markings.

The grounds on which we have hitherto considered that the latitudes 45° and
30° were intended to be alluded to in the Pyramid, are certainly of a hypothetical

character ; and therefore, though the hypotheses be ever so sound, they will be

improved and strengthened in the opinion of many persons, if proofs of a prac-

tical character can be found to support them.

Proofs too, of this order, do really appear to exist in the building still

;

though we must begin with something of hypothesis to arrive at them.

In figure 3 (Plate XXIII.), therefore, is a carefully drawn theoretical meridian

section of the Pyramid, as in fig. 1, (p. 668) ; but in place of the large square

of the base, there is now a small square, symmetrically placed with it. The size

of this small square is 103"246 metrons in the side, and is obtained by computa-

tion as being equal to the area of the Pyramid's meridian section.

This small square, in itself, and by some very simple divisions, shown by the

dotted lines in fig. 3, enables us to arrive quickly at the placiugs of all the few

chambers and passages in the Pyramid.

To prove this important relation, fig. 4 (Plate XXIV.) contains a careful

copy of Colonel Howard Vyse's large meridian section of the Pyramid, in the

1st volume of his great work ;* and to facilitate the comparison, I have added to

it the chief lines of the hypothetical Plate XXIII. fig. 3, in rows of dots.

* This section, like most meridian sections published, since the time of Professor Grea.ves in

1637, agrees to overlook the small distance by which the passages of the Pyramid, though truly in

the plane of the meridian, are slightly to the east of the true central meridian section of the

Pyramid. See fig. 7, Plate XXVII.
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First, we may remark, of the chambers,—the top of the topmost chamber of

construction is on the level of the upper side of the square EF. The floor of the

so-called " King's chamber," is nearly on a level with the line LN, or ^ the semi-

diameter below EF. The floor of the " Queen's chamber," so called, is nearly on

a level with the line OP, or | the semi-diameter below EF ; and the floor of the

subterranean chamber is on a level with the line C'S, or i below the centre ; and

these are all the chambers known to exist in the Pyramid.

Second, of the passages, principal. The entrance passage places itself exactly

on our hypothetical line C'*', until very near its lower termination. The ascend-

ing passage, with the floor of the grand gallery, also place themselves exactly on

our hypothetical line, in fig. 3, QRL ; and the horizontal passage places itself also

on our line, RO.

Now, the angular direction of C'*', (QRL being the same angle inverted), is made

by construction the same as that of C* ; and that again depends on the height

of the Pyramid as radius, and the semi-side of the square of area as sine ; and

=26° 18' 10". This might be looked on at first as a pure geometrical result, but

it depends on the measured height and base of the actual Pyramid; and, further,

it agrees unexpectedly with the measured angle of the entrance passage, which

has hitherto been universally allowed an astronomical signification ; viz. to point

to « Draconis, the Pole star of 2121 e.g., at its lower culmination, or, according

to Sir John Herschel, 26° 15' 45"
; and inasmuch as the best measures of the

actual angle of the Pyramid passages are anywhere between 25° 55' and 27°,

our hypothesis is as fair as it need be.

That hypothesis next gives the line CE, as at an angle of 45°, of course ; but

it is further, and architecturally testified to in the Pyramid, according to Col.

Howard Vyse's plate, by the line of the Southern air-channel being also at an

angle of 45° ; or one of the geodetic indications we are seeking.

The Northern air-channel on the contrary, his plate makes at an angle of 33°

or 34°, for the drawing is not fully accurate ; let us say, then, 33° 42'. If, then,

the mean of this and the angle of the entrance passage, the only remaining com-

munication from the Pyramid's interior to the outer air, on the same northern

side be taken, it is equal to 30° ; or the same as our hypothetical line C 30°',

which is by construction = to C 30°, and which depends on the semi-diameter of

the area-square as sine, and the radius of a circle of equal area to the base of the

Pyramid, as radius ; and is the other geodetic indication being sought.

Strictly computed, with the 116'5 and 183 metrons to start from, this theoretical

Goedetic or Latitude angle is

29° 59' 59-2",

and reminds us that the observed Latitude of the Pyramid in 1799, was less than

80°, and more than 29° 59'.

On the one hand, however, it may be said, that, given a Pyramid built to realise
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the abstract circular analogy, or Mr Taylor's first proposition,—an angle C 30° must

come out very like what we have educed : no matter in what Latitude soever of

the earth such a Pyramid were planted down.

That is quite true : but then, on the other hand, we are assured by the observa-

tions of the French Academicians, for the azimuth of the sides of the Pyramid,

and which they found under 20' of error,—that astronomy had a most im-

portant share in the foundation of this Pyramid : and therefore, when we find

appended to the above-mentioned construction-angle of 29° 59' 59*2" a certain

other angle of 26° 18', which astronomers have already proved before the world,

to have been intended for the lower culmination of the Pole star of the Pyramid-

building period,—there seems hardly anything else that we may conclude, except

that the first angle is astronomical also, and represents the latitude at the time.

For the mere purpose of checking a determination of the terrestrial polar

compression, the difference of 53", or less, in the ancient and modern latitude is

of no great importance. But is that difference explainable by a slow change of

the latitude of places on the earth, insensible from year to year, though notable

in 4000 years ? Perhaps it is so ; for the latitude of Greenwich has been similarly

decreasing under its three last Astronomers-Royal, to the extent of almost 2" in

100 years ; partly from other known or suspected causes, but not entirely.

It may again be objected, that if the latitude of the Pyramid is to be typi-

fied, as above, in the proportions of certain of its parts,—there is only one parallel

of latitude, where such a Pyramid could be set up, and preserve alike both its

geometric truth, and its astronomical and geographical indications.

To this, we may say, that the remark is perfectly just, and will prevent other

Pyramids in Northern or Southern countries ever competing with the scientific

importance, and fullness of meaning of the Great Pyramid ; while if, as we may
be presently able to show, the founders of the Great Pyramid were not native

Egyptians, but came into Egypt from a country in another latitude, and went

back to it again after finishing the Great Pyramid in Egypt, but built no similar

Pyramids in their own country, it would almost appear that they understood

the weight of the modern objection to any other parallel of latitude than that

which they employed, and even went out of their way to seek.

In the meantime, we merely conclude this section with a few of Col. Howard
Vyse's measures of the Pyramid, to check his drawing, or rather our small repro-

duction of it, before going forward to some more important consequences.

Approximate Pyramid Dimensions. By Col. Howard Vyse, 1839.

Inches.

9168
Present base, 746 8952
Present height, vertical, ...... 450 9' 5409
Perpendicular height from base to bottom of entrance, . 49 588
Distance of centre of the entrance, eastward from centre of

Feet. Inches.

Former base, 764
746
450 9'

49

Pyramid, . . .
...

, . . } ^4 6
' 294
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Approximate Pyramid Dimensions—continued.

Feet. Inches.

Angle of entrance passage = 26° 41'.

Length from beginning of roof to the junction of ascending ) „
^

passage, . . . . . . . . j

From thence to end of descending part, . . . . = 257 H

Depth from base of Pyramid to roof of subterranean chamber, = 90 8

First ascending passage, length, . =124 4

Angle = 26° 18'.

Grand Gallery, length, . =156
Horizontal passage, length, . . =109 11

= 331
= 233
= 174
= 138

Inches.

758

3092
1088

1492

1872

1319

3972
2796
2091

1665

831

808

Northern and southern air-channels,

—

Inclined height from base of Pyramid,

Northern channel, length, .....
Southern channel, length,

From base of Pyramid to floor of King's Chamber, .

Height from floor of King's Chamber, to roof of Col. Camp- |
bell's chamber, or " topmost chamber of construction,'' )

~

Height from base of Pyramid, to floor of Queen's Chamber, = 67

(5.) Unique Interior.
, ,

Though Pyramids are numerous in Egypt, and may be counted, some say by
hundreds, there is not a second instance, to be found in any part of the land, of

the full interior arrangements of the Great Pyramid of Jizeh.

In proof of this remarkable assertion, the reader may be referred either to

Colonel Howard Vyse's and Mr Perring's very numerous plans and sections of

all the principal pyramids in Lower and Middle Egypt, or to the " theory of

pyramid structure" put forth by Dr Lepsius, and Mr Wild, architect, and testified

to by BoNOMi, Gliddon, and almost all other modern Egyptologists. The theory

is, when abstracted to set forth the subject we are dealing with, that a pyramid

is a king's tomb, built by himself: that he begins on his first accession to the

throne, by excavating deep in the rocky soil a sepulchral chamber, reached only

by a descending passage ; and that he then goes on adding masonry every year

round about a nucleus erected vertically over the said chamber, until he dies.

When the upper pyramidal mass has spread at its base, by yearly additions,

beyond the descending entrance-passage's mouth in the rocky soil,—it, the pas-

sage, is continued upwards, and at the same angle as before, through every addi-

tional layer of masonry. But when the king dies, his body is conveyed down

that inclined passage, and deposited in a stone sarcophagus, in the underground

chamber ; after which the entrance to the passage is sealed up, and all the rough

rectangular corners of the layers of masonry on the outside of the pile are bevelled

off, in situ, to one, smooth, inclined surface.

Now that mere subterranean chamber with a descending passage, which is

all the internal arrangement implied in the theory, and all that is found in

general Egyptian practice; (except when one king has broken into the Pyramid

cellar of another, and made himself a subterranean sepulchre and entrance-

I
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passage from a different side, by digging into another's property; and even then

it is still the same order of arrangement),—this one principle or feature, we say,

exists also in the Great Pyramid (see fig. 4) ; and is exemplified in the one

descending entrance-passage, and the subterranean chamber marked c.

That particular portion, and that portion only, ofthe internal arrangement of the

Great Pyramid, is a common Egyptian institution ; and there are proofs in fact that

the Romans were once inside that chamber. (Col. Howard Vyse, 2d vol. p. 290.

)

But all the upper parts of the arrangements of the interior (see the same

fig. 4), all that is gained by the ascending passages, are absolutely peculiar to the

Great Pyramid alone ; and there are no proofs whatever that Romans, Greeks.

Persians, or the Egyptians themselves, subsequent to 2130 e.g., knew anything

whatever about the existence of that part of the interior. Its builders had in

fact sealed it up carefully ; and their stone-seal remained on, and kept its secret

faithfully, until it fell off, of its own accord, or in a manner rather more than

accidental, in the time of Caliph Al Mamoun, about 820 a.d.

Then it was that the first symptoms of there being an ascending passage were

perceived : It could not, however, be rushed straight into by the eager beholders,

because an unliftable portcullis of granite stopped the way ; but by breaking a

path through the smaller masonry, Al Mamoun and his people succeeded in

entering the same ascending passage further on ; and from thence pushing forward,

fired by the hope of seizing " on the wealth deposited by the antediluvian kings

of the earth," they passed through the " Grand Gallery," the little ante-chamber,

and then entered the so-called King's Chamber, evidently the principal chamber

of the whole Pyramid, the last of its series of rooms and passages, and the one

for which the entire structure had been erected.

A magnificent room it was, 84 feet long, 17 broad, and 19 high, formed on

every side, floor, walls, and ceiling, of enormous blocks of granite, perfectly flat,

admirably polished, and fitting to each other so closely, that the smallest needle

could not be introduced into any of the joints. But there was nothing in the

chamber ! The eager visitors looked about (by torchlight, for all of the interior

of the Pyramid, save the entrance passage, is necessarily unvisited by the light

of day), and could find absolutely nothing ; unless indeed a stone trough, as they

called it. or a granite chest ; but if a chest, it had no lid and was entirely empty !

The Caliph and his companions were thunderstruck ; their treasure theory had

so completely failed ; and though they afterwards quarried holes in different parts

of the exquisite building, they found no jewels of silver or jewels of gold, beyond

the one particular pot of money which Al Mamoun himself had just previoush'

buried, to encourage the workmen.

Previous to Al Mamoun's entrance into the Pyramid, the Arabian writers had

indulged in every kind of rhapsody as to the extraordinary treasures Avhich it

contained ; and soon after his signal failure, they recovered somewhat of their

spirits, and began, in their patron's praise, to chaunt his astonishing findings

:
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but in terms that now prevent their being listened to with patience : while, seeing

that some of them declare that the king's chamber was admirably sky-lighted,

when we know the interior to be absolute darkness ; and that its ceiling was

covered with inscriptions, when the whole of the finished interior is positively

without a stroke of inscription,—shows how little we can trust their statements,

either that a dead body having a golden breastplate, was found in the stone box,

with a sword of inestimable value, and a carbuncle the size of an egg, shining like

the light of day ; or, that the said box was full of gold in coin of very large size.

Ages passed after Al Mamoun's essay, European travellers began to look in

at the Pyramids, and rather patronised the corpse notion : for the stone chest, or

marble hot-bath, or porphyry coffer, as it was variously called, was very much

in shape like the lower part of an Egyptian sarcophagus.

But then in that case, why was it, the coffer, so entirely without ornament

;

why so utterly without inscription, when that would be the precise place where

Egyptians would have lavished their inscriptions; why without a cover, and

without any fixing places to receive a cover ; and then who ever heard of a corpse

being buried above, and so much as 140 feet above, the level of the ground : and.

lastly, if the room was intended for a corpse only, why was it so well ventilated,

by the two remarkable and effective air-channels (see Plate XXIV.) discovered

by Colonel Howard Vyse ?

In short, the failings of the sepulchral theory were so many, as of themselves

to give rise to the idea with some philosophic minds who weighed everything

carefully (such as the French Academicians in 17.99, and Sir Gardner Wilkinson

in 1858), that no body of a king had ever been deposited in that porphyry cofier.

The Academicians even boldly expressed a belief that the said coffer might pro-

bably have been intended for something entirely different ; or, for a standard of

linear measure. This idea, however, they were not able to prove ; and even the

very memory of it seemed to be lost within a few years after, by reason of the

excessive applause which followed the discovery of hieroglyphical interpretation.

Hieroglyphics, however, have done nothing for the explanation of the porphyry

coffer, because indeed it has no hieroglyphics, and in the meanwhile Mr Taylor

comes out with a new and striking idea,—

*

The porphyry coffer, says he, is a standard measure, not of length, but of

capacity and weight; it was the original of all corn measures; the Pyramid itself

receiving its name from otjoj wheat and /mit^ov measure ; and the so-called "Quarters,"

in which the British farmer, up to the present day, measures his wheat, are accu-

rately quarters of the cubical contents of the porphyry coffer in the King's Chamber

of the Great Pyramid.
* While at press, I am informed of the existence of a rare pamphlet, but have not yet been able

to see it. The. Originc and j4ntiquitie of our English Weights and Measures discovered by their near

agreement with such standards, that are now found in one of the Egyptian Pyramids. London.

1706. Anonymous : and reprinted in 17-15, with the authorffhip attributed to Professor Greaves, of

Oxford, who died in 1652.

%
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Let us look into the accuracy of this very suggestive statement.

(6.) The Porphyry Goffer ; its Size and Material.

The following table contains all the printed particulars which I have been able

to collect, touching the measured size of the coffer; and it will be seen, not-

withstanding the popular impression as to the most accurate admeasurements

possible having been repeated again and again on every part of the Pyramid,—that

these measures of the coffer are, on the whole, so bad, as to reflect not a little

discredit on almost all those modern civilised nations they emanate from ; and

who, when at home, employed on their own standards, measure the7n, they say,

to seven or eight decimals of an inch, true.

Some of the measurements may be in French inches, and therefore require an

increase of their number to represent English inches, but that would not much

improve the real diversities of the measures by different men.

Modern Measures of the Pyramid Coffer.

Date.
EXTERIOE. Intekior.

AUTHOES. 1\T A TT?!? TAT
A.D.

l3l.AXEjl\l.A.Li,

Length. Breadth. Depth. Length. Breadth. Depth.

Inches. Inches. Inches. Inches. Inches. Inches.

Bellonius, . 1553 Black marble 144- 72- ... ... ... ...

P. Alpinus, . 1591 Black marble 144- 60- 60- ... • . .

Sandys, . . . 1610 84- 47- ...

De Villamont, . 1618 Black marble 102- 60- ... • . . • • •

Prof. Greaves, . 1638 Thebaic marble 87-5 39-75 39-75 77-856 26-616 34-320

De Monconjs, . 1647 86- 37- 40-
. . • > . •

M. Thevenot, . 1655 Hard porphyry 86- 40- 40- 75-? 29-1

M. Lebrun, . 1674 74- 37- 40-
• •

M. Maillet, . . 1692 Granite 90- 48- 48-
• • .

De Careri, . 1693 Marble 86- 37- 39-
• • ... • • •

Lucas, 1699 Like porphyry 84- 36- 42- 74-? 26-1 > . .

Egmont, . . . 1709 Thebaic marble 84- 42- 72-? . • >

Pere Sicard, 1715 Gi'anite 84- 42- 36-
. .

,

, ,

Dr Shaw, . . 1721 Granite 84- 36- 42- 72-1 24-1 • • •

Dr Perry, . . 1743 Granite 84- 30- 36-
• • • • • •

M. Denon, . . 1799 ? 84- 48- 38-
« . • • • •

M. Jomard, . . 1800 Granite 90-592 39-450 44-765 77-836 26-694 37-285

Dr Clarke, . . 1801 Granite 87-5 39-75 39-75 ... ...

Mr Hamilton, . 1801 Granite 90- 42- 42- 78-? 30- 1

Dr Whitman, . 180] 78- 38-75 41-5 66-1 26-75?
32-""

Dr Wilson, . 1805 , ^ 92- 38- ... 80-1 26-1 34-5

M. Caviglia, 1817 90- 39-
42-'"

78-1 27-1 ...

Dr Richardson, 1817 Red granite 90- 39- 39-5 > • • . . •

Sir G. Wilkinson 1831 Red granite 88- 36- 37- ... ... ...

Col. Howard )

Vyse, . 1
1839 90-5 39-0 410 780 26-5 34-5

When a note of inl errogation has been applied 1 an inte rior measure, such measure has been

obtained from the exteri or one, through means of the thickness as given by the observer in question.
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The three chief authorities who, for accuracy, distance all the rest, are

Professor Greaves in 1638,

M. JoMARD in 1800,

And Howard Vyse in 1839.

Yet even on their measures it would be dangerous to speculate on what the out-

side dimensions of the coflPer may be, to within an inch or two.

Fortunately, for a capacity measure, we have not to pay much attention to

the exterior ; and the inside dimensions are given with less uncertainty. Never-

theless, Howard Vyse's are rude beyond toleration in such a case (only to the

nearest half inch) ; and the French measures are vitiated in the depth element,

by a blunder of nearly three inches ; i. e., it seems so to my best judgment.

Hence, the ancient Oxford Professor is the only authority left outstanding

;

and happy it is that he so far transcended his age's ideas of accuracy in such

admeasurements; and thought, too, so much more of the interior, than the exterior.

There is, indeed, some doubt as to the real value of the length of a foot on the

scale employed by Greaves, and that known as the English foot in the present

day ; and there, the French academicians have done good service ; for Greaves,

immediately after his measure of the coffer in 1638, marked off the length of one

foot of his scale on the unchanging granite of the walls of the chamber; and

these marks being visible in 1799, M. Jomard measured them and found them

= 0"3046 of a French metre; whence, on the understanding that one French

metre is equal to 39-37079 modern English inches, we have the following corrected

statement of Greaves' measure, viz.

—

Interior length =77-806
breadth = 26-599

depth =34-298

and these being multiplied together, yield

70,982-4

English cubic inches, as the observed contents of the Pyramid coffer.

If we then turn to the British Act of Parliament defining from the bushel the'

number of cubic inches in a " Quarter," and multiply that by 4, we have,

70,982-l
;

a closeness of approach which is something more than startling.

As to the material of this remarkable vessel, it would be hazardous to venture

much upon what it is exactly, seeing that it has been described as everything,

from black marble to red granite ; but we rather incline, from private informa-

tion, to " porphyry;" and, in the event of the metrological character being fully

established, it would be important to ascertain both precisely what sort of

porphyry it is, and where it came from. At present, we must rest satisfied, with
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its having apparently most admirable qualities for a standard measure, viz.,

extreme hardness, utter unoxidisability, perfect freedom from flaws, small expan-

sion from heat and extraordinary great age.

(7.) Why of that size?

Given, agreeably with the observations detailed, that the cubical contents of

the coffer are, 70,982-4 cubic inches,—let us inquire, why are they so ? or, why

was the coffer capacity measure, made of that particular size ?

With the linear standard, if a similar reason be asked, the Pyramid answers at

once, because that length is the one ten-millionth of the earth's axis of rotation :

but if the question be asked an Englishman, touching his bushel,—he can only

say, accident ; and if the modern Frenchman, touching his " litre,"—he can only

say, that it is the cube of an arbitrary fraction of his linear metre

Now it is the intellectual boast of the Frenchman that his linear metre is an

integral fraction of a linear proportion of the earth itself, or rather, a quadrant

of the meridian ; then why did he not try to get a similar scientific merit for his

capacity measure, viz., that it is an integral fraction of the capacity of the earth ?

But he did not do so ; nor did he contrive for his weight measure, that it should

be a similar fraction of that all-important physical characteristic, the weight, of the

whole earth-ball ; whose general figure, and one and only property, as implied by

the French metrical system, is, that of being a curved line, like the boomerang of

an Australian savage—a flaw, certainly, in the scientific recommendation of the

French system. Then how does the same point fare in the Pyramid ?

I had been quite at a loss to find out any reason there, for the size of the

coffer ; until certain features of the Pyramid itself led me to an idea, which was

not in my mind before. Over the entrance door into the chamber containing the

cofier, are five vertical parallel lines, or, as some say, a space divided into

five equal parts. This should have reminded any one of the Pyramid standard,

and kept him true to that, as indicating the foundation of what was within.

Now 50^ — 125000, and that is much more than the cubic contents of the

coffer ; besides indicating a rectangular figure for the earth. Three dimensions

must be taken, but they belong to a spherical body, or, as the latest geodesists

have shown, to an ellipsoid with three axes^ viz., the Polar, and the major and

minor of the Equator; and this seemed to be intimated by the three curved

hollows in the antechamber, described by many authors, and pictured in our

Plate XXV. fig. 5. Reducing the cube of 50 to a sphere's contents, will how-

ever not give the coffer's contents ; it will give the same number of places of

figures, but their value is too small.

Seeing, however, that weight-measure usually goes with capacity ; and this is

typified in the ante-chamber, by the suspended block of granite in the 4th groove,

close to the semicircular hollows; and being reminded by the 5 chambers of
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construction above the coffer room, of the fraction representing the earth's mean

density,"^ I tried applying that to 50\ and got the contents of the coffer at once,

though in the form of being multiplied by 10. Striking off, however, one figure,—

so as to have the number of places of figures as given by the pure capacity

reduction,—then the precise value of the coffer's cubic contents in inches was

obtained, to at least this very close degree of approach, viz.

:

^' X 5-672 = 70,900 ;

but 70,900 being Pyramid inches, must be increased to

70,970-2

in order to represent the same in English inches. The measured quantity, in the

same terms, it will be remembered, gave 70,982*4 ; but we shall now use the

theoretical determination of 70,9702 in preference.

This then forms a definite raetrological quantity, derived thus simply from the

one ten-millionth of the earth's axis of rotation, influenced only by the combined

qualities of the earth's capacity power, and mean density, or weight-power ; and

has therefore eminent scientific recommendations for the grand standard of ca-

pacity and weight measures.

(8.) Of what Weight "?

The capacity of the coffer is already given at 70,9702 English cubic inches;

but what weight shall be assigned to it ?

The best plan is, to fill the vessel of that given size, with pure water, and

weigh the contents. Now the Great Pyramid seems to have had in its normal

state a deep well penetrating down to lower strata, soaked with and filtering

the Nile water : while the so-called Queen's Chamber, with its peculiar depressed

floor and air-tight masonry, served as a reservoir at once large and conveniently

placed : water therefore could be had. But then, of what temperature would it

be ? for water alters its density rapidly on heating or cooling.

The mere mention of this scientific requirement of modern times, seemed at

first to threaten ruin to the sufficiency of any arrangement descended from primeval

days of the world, to meet the exacting demands of present physical science ; but

* The history of the experimental determination of the earth's mean density, is a very interesting^

one, and its honours fall almost entirely to Great Bi'itain. It has been tried by the attraction of the

plumb line on mountains : by the effect on a pendulum at the top and bottom of a mine, and by the
'• Cavendish experiment," between the parts of a philosophical apparatus ; and has varied in the first

case from 4*5 to 5-4
; in the second from 6 to 6-5 ; and in the last from 54 to 58 ; or in the latest,

and most perfect trial of it, by Francis Baily, from 568 to 5-66. His own published mean is

5-675, but uncorrected for some circumstances which he himself thinks should be corrected, and

which we have estimated, in accordance with his numerical indications, at — -003.

—

See further

at p. 699.
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the result of examination has been the crowning of the Pyramid system with some

most unexpected features of practical success, and purposed intention.

To "-correct for temperature," is a very interesting occupation in Natural

Philosophy, whether accomplished by calculation, or by instrumental appliances

of compensation ; but in practice, and where extreme accuracy is required, it is

found that heat is so excessively subtile an influence, and has so many various

actions on bodies, sometimes with a secular, and at others with a periodical effect,

—that the safest plan by far is, to reduce the amounts of temperature variations

themselves to the lowest possible ebb ; and then only have to deal with the effects

of the very small residual quantities of heaf so left. Hence at Pulkova, Paris,

Edinburgh, and some of the most accurate Observatories in the world, great

advantage has recently been found, by placing the sidereal clock of each establish-

ment, though armed with a reputed temperature compensation-pendulum, under

circumstances where variations could not happen so easily, quickly, or to so great

an amount, as in the open room : and every increased degree of such protection

has been attended by better performance of the clock.

The simple placing of the clock in a large closet, has been of sensible service

;

but much more good has been obtained by establishing it in a cellar, as at Pul-

kova ; and more still, in a cave 95 feet under the surface of the ground, as at Paris.

But at no Observatory in the world have they a room, like that ofthe King's Cham-

ber containing the porphyry coffer or weight and capacity standard, in the Great

Pyramid, protected by nearly 180 feet in depth, of solid stone on every side. In

such a room, the semi-annual variations of atmospheric temperature may be cut

down from 50° Pahr. to something less than -01 of a degree.

Hence the interior Pyramid temperature, must, so far as depends on external

natural causes (for of course it is not proof against numerous Arabs inside, with

blazing torches), be practically constant from day to night, and summer to winter,

and year after year. There is evidently, then, a peculiar temperature to the

Pyramid ; which, in Metrology would form a valuable constant.

What then, is, that temperature ? Or, rather, what used it to be, when the

building was in its normal state, throwing off the sun's hot rays from its polished

white casing-stones, and having the dryness of its atmosphere corrected by watery

vapour effused from its lower, open water-well ? see Plate XXIV.

As the Pyramid has never been observed by moderns under these circum-

stances, we must seek our data from various older quarters ; confined however

practically to the French alone ; amongst whom M. Jomakd states that he and his

compatriots, in 1799, noted the temperature of the King's Chamber to be 22°

cent. ; of the lower part of the dry-well, 25° cent. ; and of certain tombs outside

the Pyramid, also, 25°.

Now these two last sites are nearly on the same level, and a few feet under the

general surface of the ground ; it is therefore right that they should have the

VOL. XXIII. PART III. 8 Y
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same temperature. But the other station, though inside the Pyramid, is 140 feet

above the ground outside ; it is therefore also right that its temperature should

be less, perhaps about 22°.

But this temperature was raised unnaturally by the presence of Arabs and

their torches, and by the absence of watery vapour. Referring therefore to the

same philosopher's measure of the temperatures of the great Joseph well in the

citadel of Cairo,—and where there was probably rather too much watery vapour,

—

and finding him give that temperature as 17° or 18° centigrade,—we may suspect

that the mean between these two and what was observed in the King's Chamber,

at least to the nearest even degree, would be the true result for that chamber

under normal circumstances.

We conclude, therefore, from thence, that the Pyramid constant is 20° centi-

grade ; or, 68° Fahrenheit. But, the note worthy of remark about that par-

ticular point is, that it defines what may be called a temperature of ^th; i.e.,

|th the distance between freezing and boiling, upwards from the freezing point

;

exhibiting again in the most unexpected manner, the typical division of the Py-

ramid. Hence there can be little hesitation in adopting 68° Fahr. ; and inasmuch

as one English cubic inch of distilled water w^eighs 252458 English grains at a

temperature of 62° Fahr., and Barometer at 30 inches,—the coffer, measuring

70,970-2 English cubic inches, would weigh 17,917,000 English grains, with the

contained water at that temperature. But reducing the weight of the water from

its density at 62° to that at 68°, the quantity becomes 17,905,500 English grains.

This, therefore, is the total weight of the Pyramid's grand standard of weight

measure ; excepting my own possible errors of reduction.

(9.) Pyramid Weights and Measures.

With the capacity of the coffer, its water-weight, and the linear standard, as

already determined, we have now to see what sort of a commercial and scientific

system of measures they are capable of affording, and for small as well as for

large quantities ; especially, too, in how far such a Pyramid-derived system may

agree, and in how far it may differ in the subsidiary items, from what is at pre-

sent in use in Great Britain.

The chief point of difference will evidently be in the divisors ; for the Pyramid

can acknowledge of little beyond fives and times of five ; and they are not found

frequently in the British system. Nevertheless, it is remarkable to see in how

many instances the two arrangements approach each other ; and that in some

cases, where a closer approach might have been desirable, it is found by appealing

from the " Imperial System" of George IV. to the ancient British weights and

measures.
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Pyramid Capacity Measure.

Unit

100 drops

10 drams
10 oz.

10 pints

10 gallons

2-5 bushels

*10 sacks

Denomination.
Eeference in Pyramid

cubic inches.

= 1 drop = 0-002836

= 1 dram = 0-2836

:z3 1 oz. zzz 2-836

= 1 pint = 28-36

= 1 gallon = 283-6

m 1 bushel rr 28360
;ls = 1 sack n^ 7,090-0

= 1 coffer = 70,9000

Reference in Pyramid
pounds of water-weight.

00001
0-01

0-1

1-0

100
1000
2500

2,5000

Or arranged in double entry,

Drops 100 = dr. 1

1,000 = 10 = OZ. 1

10,000 = 100 = 10 = pint 1

100,000 =; 1,000 = 100 = 10 = gall. 1

1,000,000 = 10,000 =; 1,000 = 100 = 10 = bush . 1

2,500,000 = 25,000 =: 2,500 = 250 = 25 = 2-5 = sack 1

25,000,000 =r 250,000 = 25,000 = 2,500 = 250 = 25- = 10 =r coffer

And compared with the Imperial system, through the temporary medium of

English cubic inches,

Pyramid Capacity English Cubic
Measures. Inches.

1 drop = r- 0-0028388

1 dram = 0-2838808

1 OZ. =: 2-838808

1 pint = 28-38808

1 gallon =r 283-8808

1 bushel = 2,838-808

1 sack = 7,097-02

1 coffer = 70,970-2

British Capacity
Measures.

1 drop Apoth.

1 dram Apoth.

1 ounce Apoth.

—

English Cubic
Inches.

00036103
0-2066187
1-73295

1 pint Imperial

1 gallon Imp.

1 bushel Imp.

1 sack Imp.

4 quarters Imp.

=
34-659

277-274

2,218192
6,654-576

70,982-144

Pyramid Weight Measure.

Reference tp Reference in

Dene mination Pyramid Cubic Inches
of Water.

Terms of

Pyramid Poune

Unit = 1 grain =: 0002836 = 0-0001

100 grains = 1 dram = 0-2836 = 001
10 drams =: 1 OZ. = 2-836 := 0-1

10 OZ. zz: 1 pound ^ 28-36 :z^ 10
10 lbs. = 1 stone zzz. 283-6 = 100
10 stone = 1 cwt. =: 2,836-0 = 1000
2-5 cwt. — 1 wey =z 7,090-0 = 2500

10 weys = 1 ton z= 70,900-0 = 2,5000

And we have arranged for double entry,

cofei

* In place of 10 sacks^=l coffer, there may be used, 25 sachs=i\ quarter; and, 4 quarters—!
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Grains 100 = dr. 1

1,000 = 10 = oz. 1

10,000 = 100 = 10 = lb. 1

100,000 = 1,000 = 100 = 10 = St. 1

1,000,000 = 10,000 = 1,000 = 100 = 10

2,500,000 = 25,000 = 2,500 = 250 = 25

25,000,000 = 250,000 = 25,000 = 2,500 = 250

= cwt. 1

25
25-0

wey 1

10 = ton 1.

And compared with British imperial weight measures, through the temporary

medium of English grains,

Pyramid Weights. English Grains

1 grain = 0-71622

1 dram = 71-622

1 ounce = 716-22

1 pound = 7,162-2

1 stone = 71,622-

1 cwt. = 716,220-

1 wey = 1,790,550-

1 ton ^ 17,905,500-

Pyramid I

Denomination.
J

Unit = 1 inch

and 12 inches = 1 foot

but 25 inches = 1 arm

10 arms = 1 rod

10 rods = 1 acre-side

25 acre-sides = 1 mile

4 miles = 1 league

And arranged for double entry,

Inches 12 = ft.l

1 grain old English

1 grain modern English

1 dram Avoird.

1 dram Apoth.

1 ounce Avoird.

1 ounce Troy, Apoth.

1 pound Avoird.

1 pound old Engl. & Scot.

1 stone, meat
1 stone, coal

1 cwt. Avoird.

1 wey, English

1 ton Avoird.

1 ton shipping

Reference to Earth's

Axis of Rotation.

English Grains.

0-75000
1-00000

26-71875

60-00000

427-5

480-0

7,000

7,600

56,000

98,000

784,000

1,274,000

15,680,000

18,816,000

500,000,000

1
Kn.rtli'«: TfarJinq

41,666,666-6 &c. of Rotation.

1

10,000,000

1

1,000,000

1

100,000

1

4,000

1

1,000

25 = „ =:arm 1

250 = „ = 10 = rod 1

2,500 = „ = 100 = 10 = acre-side 1

62,500 = „ = 2,500 = 250 == 25 = mile 1

250,000= „ =10,000 = 1,000 = 100 = 4 = 1 league
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And compared with English linear measure, through the temporary medium of

English linear inches,

Pyramid Linear English
Measures. Inches.

1 inch = 1-000992
1 2 inches = 12-011805
1 ai-m = 25-0248

1 rod = 250-248

1 acre-side = 2,502-480

1 mile = 62,562-000

1 league = 250,248-000

English Linear
Measures.

1 inch

12 inches

=

Englisli

Inches.

1-000

12-000

1 rod

1 acre-side

1 mile

1 league

=

198-000

2,504-525

63,360-000

218,721-6

For the corollaries of linear measure, viz., square and cube, we have, for Pyra-

mid surface measure,

—

Pyramid Surface Measure.

144 Square Pyramid inches

625 Square Pyramid inches

100 Square Pyramid arms
100 Square Pyramid rods

625 Pyramid acres

16 Square Pyramid miles

1 Square Pyramid foot

1 Square Pyramid arm
1 Square Pyramid rod

1 Pyramid acre

1 Square Pyramid mile

1 Square Pyramid league.

Or,
Square inches 144 = sq. ft. 1

625 = „ ::= sq. arm 1

62,500 = „ = 100 = square rod 1

6,250,000 = „ ^ 10,000= 100 = acre 1

3)
=; 6,250,000= 62,500 = 625 = 1 sq. mile

5J = 1,000,000,000= 1,000,000 =10,000 = 16 = 1 sq

And Pyramid cubic measure.

1
Pyramid Cubic Measure.

1,728 cubic Pyramid inches = 1 cubic Pyramid foot

15,625 inches = 1 „ arm
1,000 arms = 1 „ rod

1,000 rods = 1 „ acre

15,625 acres = 1 „ mile

64 miles = 1 „ league

leag.

Cubic Inches.

1,728 =

15,625

15,625,000

15,625,000,000

:cub-ft. 1

= cubic arm 1

= 1,000= cubic rod 1

= 1,000,000= 1,000= cub. arm 1

= 15,625,000,000= 15,625,000= 15,625= 1 cubic mile.

= 1,000,000,000,000= 1,000,000,000=1,000,000= 64=1 cub. league.

Pyramid Heat Measure.

While for heat, the Pyramid scale makes water freezing = 0,

boiling =250;

The standard Pyramid temperature being = 50 of that scale, and the heat at

which iron begins to give out light = 1000 of the same, according to the Fahren-

heit statement of the Diffusion of Useful Knowledge Society's Natural Philosophy,

under head of Thermometer and Pyrometer.

VOL. XXIII. PART III. 8z
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Now all these subdivisions may be called arbitrary, inasmuch as they are so

to a certain extent ; for I have ventured to employ my judgment to some small

degree as to when to use a divisor of 5, and when of twice 5 ;-but have been

guided therein ; firstly, by what appeared to be the more important and primeval

stand-points in the British system of weights and measures : and, secondly, by

what seemed to make the resulting apparent, or so-called Pyramid system, most

perfect and complete according to its own innate features;—the result spontane-

ously setting forth the chief elements of the only sound system for a national

metrology, viz., to satisfy science by a thoroughly pervading and consistent

reference to appropriate ruling features in nature ; to satisfy commerce by the

correctness of large standards, as well as easy numerical relations to all others

;

and to satisfy the poor and working men by small units easily identifiable for

any one seeking under difficulties for only a moderate degree of accuracy.

It would extend the limits of this paper too far, to say everything that might

be said in favour of the ancient system of the Pyramid, under all these heads

;

for it is that ancient system of 4000 years ago, whose standards are still preserved

(which is more than our Parliament can say of their standards of only 40 years

since),—and all that I hope / may have been allowed to do in the case, is merely

to disentangle some minor modifications from the confusion of human affairs.

—

and to assist in showing that the Great Pyramid Metrology is—more scientific

than the French,—more convenient than the British,—and yet at the same time

altered only very slightly from the British : so slightly in all material points, that

until Mr Taylor led the way in this research, no one could have imagined what

an amount of material improvement and arithmetical facilitation could be made

by such small and unpretending alterations. At least we may conclude that no

one could have thought of it, for it has not been independently proposed anywhere

else ; and a very numerous political party has recently moved in Parliament, to

introduce scientific improvements, by no means so great, by bringing in the French

metrical system into this country, and abolishing the whole of the English heredi-

tary measures, root and branch, by force of law ; a more extensive sweep of

despotic power, and pregnant with more confusion as well as chance of sapping

the patriotism of the masses, than anything which has been attempted in England

or Scotland for the last 800 years.

In Capacity-measure, therefore, we may briefly point out, that the coffer, or

large end of the scale, is scientifically connected with the earth's capacity ; and

is a large standard, admirably constructed, and uniquely, if not also miraculously

preserved to our times :—while the unit for small purposes, is a drop of water

;

correctly defined by a Pyramidal proportion to the coffer, and approximately in any

one's hands at a moment's notice, to test wherewithal a small capacity measure.

The facility of testing measures, is the most important feature they can have.

The British Imperial capacity system only has one such helping point, viz., the
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gallon of water = 10 lbs. ; and that is accompanied by the draw-back, that in a

British Imperial Weight system, there is no 10 lb. weight there.

With the Pyramid capacity system on the contrary, every single step of the

capacity can be tested, by one or more weights v/hich will be found as a matter

of course wherever Pyramid weights are kept. The system restores moreover

that ancient hereditary maxim of Great Britain,

A pint's a pound
All the world round,

which was only abrogated by unfortunate legislation so late as George IV.'s reign
;

and finally, the Pyramid capacity system extends from the greatest bulks ever

dealt with by commerce, to the smallest that are required by science ; while the

British Imperial, stops half way ; and makes exceeding anomalies when apothe-

caries, bound by law to use nothing but Troy weight, find themselves compelled

to prepare a small capacity measure for themselves founded on avoirdupois

weight.

In Weight measure, similarly, the Pyramid ton, which is the coffer full of

water, is scientifically connected with the most important and unalterable of all

the physical qualities of the earth, viz., its weight, which is more than can be said

of any human devised weights whatever ; it is, moreover, a standard of large size,

admirabl}'^ constructed, and wonderfully preserved ; and the unit for small pur-

poses is a grain ; correctly defined by a Pyramidal proportion to its standard ; and

approximately defined and possible to every man, by an ordinary grain of wheat.

In bringing up now this well-known seed as a hasty, working unit of weight for

the poor, the Pyramid system only brings up again what was the original grain-

weight of this country, until an apparently needless law declared that 32 of these

real grains, should henceforward be divided into 24 artificial grains ; and that

these enlarged grains, which no poor man could test very readily, should be,

from that time forward, the grain of weight measure. Furthermore, it will be

observed how readily the Pyramid weights may be tested by water-measure ; and

how complete the whole system is from tons to grains without any break or

inconvenient divisions.

In Linear measure, it is almost needless to point out the inimitable scientific

reference of the Pyramid's chief standard ; the lasting nature of that great struc-

ture, the Pyramid itself, with the prepared surface of solid rock on which it

stands, showing its ancient fiducial marks existing still ; and the convenience

of the small unit, the inch ; correctly defined by reference to its standard on the

earth ; and approximately in every one's hand, literally as well as figuratively, in

a thumb-breadth ; by which any workman may at a moment's notice, ensure
' within some limits, the truth of his work. There is, however, a further advan-

tage which the Pyramid Linear system has, in making the length of the side of an

acre, that all-important land measure, evenly commensurable with linear mea-
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sures, larger and smaller, and with the earth itself; yet without sensibl3% to the

people, altering its present absolute dimensions.

The result of this arrangement tells with thrilling effect, on the last and most

scientific movement which the Government has made, for a grand Map of Great

Britain. It is hardly a dozen years since this new survey for a map was begun,

on the scale of ^^o^l^ of nature ; and there may be required 50 to 100 years for

its completion. It is a splendid map, the most accurate and perfect thing of the

kind ever attempted either in this or any other country ; but the only draw-back

is, that its scale of ^^10*^ of nature, is absolutely unconformable to any existing

legal British measures, either Linear or Square. In linear, it is a map of 25 344

inches British to the mile; and in square, of 1018 square British inch to the

acre : and these fractions are found so annoying to practical working men,—that

we recently heard an eminent Indian surveyor condemn the arrangement Avithout

mercy ; and prefer, if there must be an odd fraction anywhere, to have it in place

of the ^oyth, which only scientific men care about. Government seem in fact

to be in a rather awkward position : for, to please some few politico-scientific

men, they have adopted a scale for the national survey which is the annoy-

ance of all working men throughout the land ; and they do not like to alter back

again to please the working, and affront the political men.

Yet see how the Great Pyramid system, if Government would only embrace it,

could relieve them of the difficulty in a moment : for the map can remain as it is,

viz., of the ^(Toth of nature, to please the said powerful agitators of the com-

munity ; and it will nevertheless be, in Pyramid linear measure, 25 inches, even,

to 1 mile; and in Pyramid square measure, 1 inch, even, to an acre; to the

immense satisfaction of the numbers who compose the large industrial part of

that community itself.

In Heat measure, there is only occasion to remark, that the PjTamid system

gets rid of the generally confessed and unnatural anomaly as to the place of zero

in Fahrenheit's scale ; and allows working men to speak of winter temperatures,

in the way they find it most serviceable to speak of them, viz., as so many degrees

of frost or heat, whenever the temperature is below or above the freezing of water

;

agreeably with the — and -I- readings of scientific continental thermometers. At

the same time, the Pyramid scale, having a greater number of degrees between

freezing and boiling, than either Fahrenheit, Centigrade, or Reaumur, enables a

greater number of different temperatures to be alluded to, without the inconvenient

employment of fractions, than any other known scale.

(10.) The Sacred Cubit of the Jews.

The cubit is, by name, one of the earliest of all measures, and has been most

extensively employed by all the great nations of antiquity. As usually explained,

it is the distance from the elbow to the end of the middle finger, a space with
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most men, equal to about 18 or 19 inches,—and the length, very nearly of the

cubit as employed amongst the Greeks and Romans. But amongst the Egyptians,

Assyrians, and Phoenicians, the cubit was more nearly — 20*7 inches ; and was

seldom found more than a few tenths of an inch different therefrom ; while in

Egypt more particularly, it was kept and is still kept, very close thereto, by

being engraved on the column of the Nilometers ; no departure from the scale

of which can take place, without introducing immense confusion into the agri-

culture of the country. Whatever, therefore, was the derivation, or reason for

originally fixing on that particular length for a working scale, or measure,

—

there seems no doubt amongst all authors, ancient and modern, that the chief

Egyptian cubit both is, and always was, close upon 20*7 inches in length.

Amongst other authors. Sir Isaac Newton deduces this size for it, from

some of the passage measures of the Great Pyramid ; which we know, from

other sources, must have been built by Egyptian workmen. And, in his " Dis-

sertation on Cubits," he shows that its, (the 20*7 inch cubit), use was introduced

among the Israelites, during their long captivity in Egypt, and their cruel bond-

age to building work, which required constant attention to measures. He points

out, however, in strangely clear and express terms, that they looked on it inva-

riably as "a profane and adventitious cubit," as " the cubit of a man," merely
;

and employed it only for ordinary, social, and week-day purposes : while, for

sacred occupations, they employed a certain other and larger cubit, which he has

reason to believe that the leaders of their race had received, or adopted in very

early times indeed, or long before they went down to Egypt. In such case, the

preserving of that measure through the Egyptian captivity, and its after restriction

to sacred purposes only, and its continued employment therein up to the time of

Josephus,—form very notable features in its history ; and Sir Isaac endeavours

to arrive at a precise knowledge of its size. By continued approximations from

many facts, he reduces the limits within which its length must be contained, from

variations of 2 or 3 inches, to hardly as many tenths ; and at last arrives at the

absolute length of 249 English inches as the most probable result. He guards,

however, against this determination being considered final, and refers its improve-

ment to those who shall hereafter Treasure more stones in the Great Pyramid and

the Temple at Jerusalem: pending which, but noting the usual shortening ofstandard

scales in long ages, and that much of the above determination rests on a scale pre-

served by the Talmudists, and which they confess was shorter than two ancient

I

copies of the sacred cubit engraved on the walls of Susan and Babylon,—there

seems fully suflacient reason to increase the 24-9 English, to 25*0 Pyramid, inches.

j

And now comes the question, why should a measuring rod of that length have

been considered as "sacred;" and one so little differing from it, as 20-7, be con-

sidered " profane, and amongst a people frequently receiving divine revelation

of knowledge ?" We have no reason given in the Bible to guide us, and none
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is reported to exist among Jewish traditions : but this we now know from modern

science and Mr Taylor's Great Pyramid deductions combined, viz., that a length

of 207 inches, is wretchedly incommensurable, while 25'0 inches, is admirably,

and even inimitably commensurable with the one, and only true metrical re-

ference which the earth possesses, viz., its axis of rotation ; it is in fact Tru,TTwu,jnTU^^

of the earth's Polar semi-axis, or radius. Now this length is also the length of

our " smaller" standard of the Pyramid ; and although that has been deduced

hitherto, from the larger standard halved, for practical convenience ; it is also

to be derived directly from the Pyramid, by taking that particular chrono-

logical fraction, or ^jhyt^i of ^^^ side of the Pyramid's base ; and we are then

reminded, by the four sides of the Pyramid (in such case representing four

years), of the period during which the incommensurability of the earth's day,

and year, is practically restored. And this further leads on to an inquiry, whether

there may possibly be any indication within the Pyramid, of that division of time

also, which the Jews held as sacred, and to have been commanded from the most

primitive times,—viz., the seven days to form a week.

(11.) Time Pleasures in the Pyramid.

In his discussion of Greaves' measures of the Pyramid, Sir Isaac Newton
remarked much upon the clearness with which some particular standard of

length had been adhered to throughout the whole of the inclined passages ; and

he appeared to think that that standard was the profane cubit of Memphis, or

a multiple of it. If the measures be taken in the shortest transverse direc-

tions, this is often the case ; but if w^e compute the vertical height, under the

Pole-star inclinations of 20" 18', these measures of the working men of Egypt, are

at once turned,—with quite enough approximation to distinguish what measure

of space is intended, in a case where time is the real element concerned,—into

the scientific standard of the Pyramid, or the linear measure intended by the

directors of the building of the Pyramid, and who, there is reason to believe,

were completely apart from the Egyptians themselves.

Now, the transverse heights of the small inclined passages being given as

follows, with large errors of observation, apparently from the observers not

adhering very rigidly to the true ti'ansvei^se measure,

—

Passage Name. Obseever. Transverse Height.

Inches.

Entrance, .... Howard Vyse, 47

,, . . - . Caviglia, 490
Ascending, .... Howard Vyse, 470

5, .... Jomard, 43 -2

Ante-chamber (level), Howard Vyse, 44-0

i> !) • •
Jomard, 43-7

M >) • •
Caviglia, 43-0
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the space of 44-8 inches may be considered very close to the true transverse

height, and becomes, under the angle of 26° 18', = 50 inches. In a similar

manner the height of the Grand Gallery, given by various observers, without

much specification, as anywhere between 270 and 360 inches, may be concluded

equal to 314 of transverse, and 350 of vertical height. The Grand Gallery then,

is seven times the height of a small gallery, similarly inclined ; and is constructed

in integral terms of both the scientific standard of the Pyramid, and the sacred

standard of the Jews. The only question, therefore, now to settle, is, what does

the larger linear standard of the Pyramid,—which has already had its metrical

character and proportions settled in a manner that requires no repetition,

—

signify when in such a position ?

To this end, recourse may be had to our diagram, Plate XXVI. fig. 6, repre-

senting the passages in the Northern lower half, of the Meridian section through

the Great Pyramid, according to the hypothesis partly given in Plate XXIII. fig.

3 ; the data therefore stand thus

—

Semi-base breadth of Pyramid,

Height of Pyramid,

Semi- side of small area-square,

One-half semi-side, ,,

One-third semi-side, „

Angle of lower culmination of old Pole-star,

Place of Pole at Pyramid,

Upper culmination of old Pole-star,

Angle of Equator at the Pyramid,

26° 18' tangent of, with radius of 915,
30
33 42
Transverse height of small passage,

91-5 Metrons.

116-5

51-624 „
25-812 „
17-208 „

26°

30
33

60

18'

42

45-222

52-828

61023
44-8 inches.

Of all these data, the last and the two first are the only ones derived from the

Pyramid itself, by measure of observers ; all the rest being conclusions from the

theoretical Pyramid, confirmed, however, more or less by reference to measure,

and produced in the first instance for the extremely different questions discussed

in the earlier sections of the paper.

It wll be seen then, on inspecting the diagram, that the increased height

given to the Grand Gallery over an ordinary small passage, depends entirely upon

Latitude and pole-star-angles, into the size of the Pyramid ; and comes out, as

mentioned above, 7 times the breadth of a small passage. In the next place, at

the lower Northern entrance point, D, into said Grand Gallery, there is a remark-

able meeting together of three passage lines, and four astronomical lines ; which

all intersect there within the l^readth of a pen's stroke : constituting it the most

important point, both theoretical and practical in the whole Pyramid. And
amongst these lines, the Equator-tine of the Pyramid enters the Grand Gallery,

and makes it, as it were, peculiarly its own ; i.e.^ makes it the Equatorial and



698 PROF. C. p. SMYTH ON THE REPUTED METROLOGICAL SYSTEM

Zodiacal, and therefore the chronological part of the interior structure, as con-

trasted with all those Polar-pointings we have previously met with on the

Northern side of the Pyramid. While the gallery itself subtends from a typical

point (See Plate XXVI. ), the Zodiac angle of the time.

If then chronology be intended in the Grand Gallery, and its height represent

7 units of that species, these units must be days, for in no department of

metrology, is the natural unit marked out so clearly, accurately, and lastingly,

as the time unit is by the rotation of the earth on its axis. The Grand Gallery

then, as its first symbolization, represents a week of days ; or embodies in the

most magnificent masonry in the Pyramid, the Divine arrangement of days

into periods of weeks ; an arrangement not followed by the Egyptians, but con-

sidered most eminently and primitively sacred by Moses and the Jewish nation.

Nor is this the only support which the Pyramid gives to so remarkable a con-

clusion ; for, besides the Grand Gallery, another passage leads off from that

chronological point D, on Plate XXVI., viz., the horizontal passage communicating

with the Queen's Chamber, and bears a similar import. The distance from D,

for instance, to the Great Step,—which rises from the floor of the horizontal pas-

sage to that of the Grand Gallery, and, corrected for the angle= 100 inches, or

= ^J-5^th of the entire perimeter of the Pyramid, and therefore signifies a day,

—

as also the depressed portion of the floor of the passage at its southern end ; each

of these specified parts goes seven times into the whole length of the passage

:

approximately perhaps only, but very nearly indeed, if we take the mean of

Colonel Howard Vyse's measures and the hypothesis of our Plate XXVI. While

the Queen's Chamber itself, whose floor-measures are commensurable with

those marked portions ofthe passage, adds a third testimony to the same end, and

is safe from the small errors of measurement, being, in fact, a room with seven

sides ; and the only room in the whole Pyramid of which the same can be said.

After this it is hardly worth while to delay over the circumstance of the 7

overlappings of each side wall of the Grand Gallery (see Plate XXVII. fig. 8),

combined with the 26 remarkable holes in the ramp of the Western wall, and

26 -I- 2 in the Eastern wall, indicating an intention of chronology still further,

by showing a year divided into two weeks of months ; i.e., even months of 26

days each, excepting the last one, which requires 07ie day to be added in an

ordinary year, and two in a leap-year : the three hollow years and one full one

of a leap-year period being further indicated by the fittings, or fillings of the

ante-chamber at the head of said Grand Gallery ; or, to the 30 overlapping stones

of the ceiling, and the 30 times and a portion (if the French, and Howaed Vyse,

numbers can be depended on), with which the long step at the head of the Grand

Gallery goes into the length of that passage, as typifying also the ordinary secular

months of 12 to the year.

It is hardly necessary, indeed, to allude to these additional confirmations,
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because what was mentioned previously admits of easier investigation as to its

truth, and is perfectly sufficient for its purpose,—viz., to show that the first and

chief sacred Jewish measure of time, as well as their sacred measure of space,

"which they had received long before they went down to Egypt," is embodied,

though in terms unintelligible and unmeaning to Egypt, in the Great Pyramid.

Date ofPyramid.

In the matter, however, of time, on the large scale, attention may be profit-

ably drawn to some further points connected with fig. 6, Plate XXVI.

The angle of the passage entrance, measured by Col. Howard Vyse, atW 41',

has been settled by so excellent an authority as Sir John Herschel in the astro-

nomical world, as meaning the lower culmination of a Draconis, the pole star of

the time ; and which Sir John has computed at 26° 15' 45", for the year 2121

B.C. ; whence, if the Colonel's angle be well measured, we may deduce from the

annual precession in North Polar Distance for that part of the sky, viz., + 18" per

annum, that the date of the Pyramid passage in question is earlier by about

eighty-three years, or is to be fixed at 2204 b.c.

Yet, if there be force in our general conclusions, as to the less value for

scientific ends in the descending, than the ascending portion of the interior,—it

will be more proper to take either the theoretical angle, which gives the inter-

sections at D, (Plate XXVI.) ; or, the practical angle of the Grand Gallery,

measured by the French at 25° 55' and 26° 0', but by Col. Howard Vyse at 26° 18',

and computed by myself at 26^ 18' IC; and then we have for the date, 2129 b.c*

* In further elucidation of the note on page 686, and the number 5"672, chosen as the best

resulting value from Bailt's Experiments for the Mean Density of the Earth, it may be mentioned,

that in the last page of his valuable memoir, he gives the following several numbers as the exact

foundations for his more popular announcement of 5-675, and desirjes his future readers to form
their own idea of the real mean amongst them ; viz. :

—

Mean of all the observations without exception, .... 5-6747

The same, when one series of doubtful observations has been abstracted, . 5-6754

The same, with a second doubtful series also abstracted, . . . 56666
The same, with a third doubtful series also abstracted, . . . 5-6683

The same, with a fourth doubtful series also abstracted, . . . 5-6604

Now, the simple mean of all these comes out 5-66908, but as that evidently gives too much
importance to the latter results, which Mr Baily did not allow to appear at all in the 5-675,—let

\
us take a mean of the two, and we have 5-67204.

Again, if it be agreed that the first result is five times the weight of any one of the others, and
then take the mean accordingly, we have 5-67158. Or, if it be further settled, that the same rea-

sons which make the first more weighty than the second, make the second somewhat more weighty

than the third, and so on to the fifth ; that is, that every subsequent given result represents a less

.number of observations,—let us multiply the first by 10, and the others by 4, 3, 2, and 1, when we
have for this form of the mean, 5-67227. And putting all these three probable means together,

5-67204, 5-67158, and 6-67227,—there appears for the final mean, 5-67196 : sufficiently repre-

sented by our 5-672.
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(12.) The Final Argument*

We are now approaching the point when it becomes necessary to attempt to

institute an inquiry as to whence, at that early age of the world, more than 200

years before Abraham, so much knowledge of difficult secrets in physical science,

allied with some of the earlier Divine commands in the Pentateuch, originally

came ; and why, or under what circumstances such particulars were so carefully,

lastingly, and expensively embodied in the Great Pyramid. Contracted space,

however, forbids my doing more at present than referring to the discussion of

this very difficult, but most extraordinarily important, division of the subject in

Parts IV. and V. of my recently published book, " Our Inheritance in the Great

Pyramid ;" and concluding with the two following appendixed notes.

APPENDIX I.

Chronology corrected by the Great Pyramid.

In the table of approximate chronology given in the work above mentioned, I

was content to follow for the absolute dates those pubUshed by some of the best

modern hierologists, as being not only in all probability very close to the truth,

but also specially able to prove beyond hieroglyphic doubt, that the Great

Pyramid, if built in the reigns of Kings Shofo and Nou-Shofo, of the 4th Egyptian

Dynasty, as attested by the quarry marks on the rough stones, must have been a

pre-Ahrahamic monument.

But the hierologists, though exceedingly trustworthy when speaking of suc-

cessional order, have few or no means in their science which enable them to fix

absolute dates with great exactness. What, then, does the Great Pyramid's

absolute date, alluded to on p. 699, say upon this important question ?

It seems to assert this, that the early hierologist dates are rather too large ;

or, in other words, that they are evidently of the school of Josephus and the

Septuagint version of the Scriptures ; while the Great Pyramid's metrical and

builded date, astronomically computed, agrees rather with the chronology of the

Hebrew version of the Scriptures. Which very notable and perhaps desirable

additional testimony, in the present disputed state of the two chronologies (see

" Kitto's Cyclopsedia of Biblical Literature"), may be best illustrated by the two

columns of rival dates in the subjoined table :—

* Written in September 1864.
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APPENDIX 11.

Colonel Strange's Measure of the Exchequer Queen Elizabeth's Standard Ell.

The extreme closeness of the present legal British inch to the ancient Pyramid,

and truly earth-commensurable inch, is one of the best proved, as well as most

interesting features of the preceding inquiry
; yet, rather astonishing to say, the

approximation was once, and might have been now much closer, except for an

accident, or rather an erroneous step among certain high parties ; the case being

this :

—

The present legal inch is merely the gijjth part of the Parliamentary standard

and unit yard. Originally, the inch itself seems to have been the unit ; and the

yard, or any other standard, merely such and such a number of the units strung

together for some temporary purpose of convenience.

The smallness of this inch unit, and its easy approximate identification by a

thumb's breadth, were eminently appropriate to the conditions which should be

preserved in metrical units for the poor and working classes, while its even

earth's axis commensurability was the most admirable feature for all religious

and intellectual minded men to contemplate. In the days of Queen Elizabeth,

something of this belief appears still to have lingered among the officers of

Government ; and, therefore, when desired to deposit in the Exchequer an example

of the national linear measure, the officers concerned placed there two long

standards, one of them composed of 36, and the other of 45, of the unit inches,

under the names of the yard and the ell ; the mutual incommensurability of which,

except through the medium of inches, seemed almost intended to call attention

to the inch as the unit, though the yard and the ell themselves might be useful

as standards.

These standards remain at the Exchequer to this day ; and one of them, the

yard, has been the parent, through means of a series of copies begun in 1742,

of the present standard yard of Parliament. Why the gentlemen employed by

Government, from 1742 downwards, chose to be guided entirely by one of the

Elizabeth standards, and to throw the other overboard, although scientifically,

from its greater length, and historically also, it ought to have been even more

attended to than the other, I have never heard explained ; but at present we

have only to do with the fact, and endeavour to ascertain what would have been

the result to the nation, if the larger and, in early times, the more popular

standard, i.e., the ell, had been employed to give the length of the present parlia-

mentary inch.

To this end reference may be made to Mr Daily's excellent historic paper in
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the "Royal Astronomical Society's Memoirs," vol. ix. p. 40, wherein the com-

parison made by Graham, in 1743, before deputations from the Government and

the Royal Society, is described as having shown that the Queen Elizabeth ell's

45 inches exceeded the quantity of 45 such inches as the same Queen's yard con-

tained 36 of, by 00494 inch. But our present parliamentary yard, though de-

scended from Queen Elizabeth's yard, is not identical with what it is, or was, in

that day, because, for one reason, it is copied immediately from " Bird's yard,"

and that from the Royal Society's yard, and that from " the Tower yard," and

that only from Queen Elizabeth's standard measure, and so badly, that all these

subsequent yards are about 00075 inch larger than their intended prototype.

Applying which correction to the former statement for the ell, we conclude that

measure to have its 45 inches equal to 45-0419 of such inches as the present

British standard yard contains 36 of

Now, inasmuch as 45 pyramid, or truly earth-commensurable inches =45*0446

of these present standard inches, our first determination, so far as it can be

trusted for the ell's inches, shows that they were as nearly earth-commensurable

as anything that modern science could well have desired.

This is surely a strange additional episode to the many curious ones already

cited in the history of the Great Pyramid, and our own national metrology ; and

has appeared, therefore, to be worthy of further research, especially as certain

subsequent comparisons made about fifty years after Graham's, and cited by

Mr Baily, at page 48 of the same Essay, seem to throw doubt upon it. In

short, nothing but a modern measure of the Elizabeth ell could now be looked

on as fully satisfactory ; and, being unable to visit London myself, I requested

my friend Colonel Strange, late astronomical-assistant on the Indian Trigono-

metrical Survey, and gifted with remarkable understanding in all practical instru-

mental affairs, to kindly undertake the task for me. This labour the Colonel

entered on immediately after having obtained, by formal application to H. M.

Exchequer and Treasury, the requisite leave to examine their ancient standards.

The process which he adopted— aided partly by Mr Chisholm, chief clerk,

and by Mr Chany, junior clerk and oflBcial comparer for the Exchequer, both of

whom, in their respective departments, he speaks of in high terms, as well for

their zeal in the experiment, as for practical skill—seems to have been equiva-

lent to laying off* the length of the modern Government standard yard on the old

Elizabeth ell, from one end of it ; and then transferring to a slip of brass the

i outstanding portion of the other end of the ell, viz., 9 inches, more or less. This

method is excellent in principle, because it throws all the anomalies of the 45

inches into 9 only, where they can be easily measured, and in a state subject to

'

very little thermometrical expansion ; while in practice, if I may judge from the

veritable brass slip which Colonel Strange has sent me, with the fiducial lines

almost microscopically delicate, the method has been carried out so well, that J

VOL in. PART III. 9 c
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have only to add the Colonel's own account of the proceedings, and here give his

final result : viz., that 45 inches of the Elizabeth ell are equal to 45 0386 inches

of the modern legalized, but erroneously derived, British standard yard. That is,

Colonel Strange confirms Graham's result within -003 of an inch : and shows, that

each of the ell's inches still come within so small a quantity as 0*00013 of an

inch to one of the original Pyramid and earth-commensurable inches of the early

ages of the w^orld ; of which very trifling difference too, one-half may be due to

shrinking of the old scale—made in a material which standard scales never

should be made in—between 1743 and 1864; while something more should be

allowed for the time preceding.

Report above alluded to, as received from Colonel Strange, F.R.S.

ExcHEQUEH, August 3, l&6i.

Experiment 1.

Compared Exchequer secondary standard yard No. 45 with Simms's horizontal comparator,

by means of a T square, and found no difference equal to thickness of a line of the graduation on

the comparator. Thermometer 69° Fahr.

The comparator is a fixed graduated brass scale, with adjustable gun-metal table underneath it.

It is taken as a standard yard at 62°. It is not intended for the most refined purposes. Messrs

Simms say it can certainly be depended on to less than (0001) one thousandth of an inch.

The secondary yard No. 45 is an end measure of Baily's metal, with spherical agate extre-

mities. It is taken as standard — 0-0000639 inch at 62°.

The above experiment was tried in order to test our means (the T square) of comparing an end

with a line measure.

Experiment 2.

Queen Elizabeth's yard was compared with No. 45 (above referred to) in Simms's vertical

comparator, and found = No. 45 —(5^) one fifty thousandth of an inch. Thermometer 69°.

The yard has been broken and mended, the joint being loose. It is a very rough piece of work-

manship, and the above close result of course was due to the accidental use of a particular spot on

the extremities.

The vertical comparator supports the yard measure under trial in a vertical position. A fine

spirit-level resting on the upper end of two yards alternately tried, indicates their relative lengths

in terms of the level scale, the value of whose divisions is known.

Experiment 3.

An oak rod (specially made for the purpose), provided with a fixed brass stud at one end, and

longitudinal spherical-headed screw at the other, was adjusted (by moving the screw) to fit the bed

of Elizabeth's ell. The rod and ell were then laid side by side, and compared by means of two T

squares. No difierence could be detected with the help of a hand magnifier.

The bed is of some copper alloy. Its dimensions are, long 4 feet 12 inch, wide r5 inch, thick

a

l"l inch. A transverse section is of this form
id.

The excavations a and b (nominally

rectangular) constitute the beds of the ell and yard respectively. They are of the roughest work-

manship, apparently executed with a cold chisel.
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The ell fits its bed tightly. The yard was not tried.

Each bed is marked at both ends with the crown and letter E, the former device as close as

possible to the terminal edge of the I'ecess, in order, apparently, to denote that it is a standard at

that point. But the rudeness of the workmanship renders the beds quite valueless for such purposes.

On the edge of the yard I'ecess there are very coarse divisions (filed probably), intended to

represent 12 inches (2 of which ai-e halved); the total 12 inches being 0-12 inch too long.

Experiment 4.

Queen Elizabeth's ell vvas laid on the horizontal comparator. One of its extremities was brought

into the same vertical plane with O of the comparator scale by means of two T squares, one placed

vertically against the ell, the other horizontally on division 0. The two adjacent edges of the

squares were then cautiously brought into contact by means of the longitudinal screw of the com-

parator.

A T square was now laid horizontally to coincide with the 36 inch division of the comparator,

and a fine line drawn on the ell with a steel point. [I have used the word " horizontal," in

speaking of the position of the T squares, for simplicity's sake. The divisions of the comparator

are in truth cut on a plane inclined about 20° to the horizon. One surface of the ell was brought

into the same plane by means of the two wooden angular supports on which it rested.]

There now remained to be determined the value of the nominal 9 inches contained between the

line drawn (as above) on the eil and its extremity.

A piece of brass, prepared for the purpose, had a fine line di'awn across it near one end. This

piece of brass was tied edgeways along the marked side of the ell ; in section, thus

Ell

The

line on the piece of brass was brought, with a magnifier, into as exact coincidence as possible with

the line on the ell. A T square was now applied to the end of the ell, and a fine line drawn across

the piece of brass with a steel point. The following diagram will perhaps help to explain the

arrangement :

Ell

•3 S

<r

The two lines on the piece of brass may now be taken to represent the nominal 9 inches bv
which the ell exceeds the yard of the compai*ator. The value of this space is a matter of future

determination. There are longitudinal lines on the brass, and the measure is to be taken between
those marked with crosses, thus

X >
X

The T squares used were obtained from Messrs Hotzapffel, expressly for the purpose, and were
of excellent workmanship, appreciably correct.
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The whole of the above operations for obtaining the length of the ell were performed, indepen-

dently, by Mr Chany, an officer of the Exchequer accustomed to such work, and an excellent

manipulator, and by myself; every adjustment was disturbed between the two determinations.

Neither in the line drawn on the ell, nor on that drawn on the piece of brass, did Mr Chany and I

differ perceptibly, a hand magnifier being used for the examination. The thermometer in the room
stood steadily at 69° throughout ; but no attempt was made to obtain the true temperature of the

ell, comparator, &c., which were necessarily handled a good deal.

My own conviction is, that this comparison of Queen Elizabeth's ell with the Exchequer standard,

cannot differ so much as (0-005 in.) five thousandth of an inch from the truth.

Queen Elizabeth's ell is a half-inch square prism, made of some red metal, very dark generally

from oxidation, but showing a colour like soft gun-metal in places. It is very roughly made,

no surface approaching a plane, and no corner a right angle. The two extremities are stamped

thus The ends, defining the measure, are tolerably

smooth, and irregularly convex. The stamped side has coarse graduation on it. The divisions

(filed apparently) are at the following distances from one end, viz., 2-75, 5 65, 11-30, and 22-50

inches. Intended, as these evidently are, as half, quarter, &c. of the ell, their errors may perhaps

afford some criterion of the dependence to be placed on the standard as a whole.

Experiment 5, at Messrs Troughton and Simms's.

August 4, 1864.

The piece of brass was compared with 9 inches of Messrs Troughton and Simms's brass scale, by

means of their comparing apparatus furnished with two micrometer microscopes. Independent

observations were made by Mr William Simms (W. S.) and myself (A. S.), as follows :

—

W. S.

Rev. Div.

A. S.

Kev. Div.

62-0
Between one pair of parallel longitudinal "I „

lines on the piece of brass, ... J

Between the other pair, \ ' i

Thermometer, 71 '5.

59-5'

59 7

Messrs Troughton and Simms's brass scale is taken as exceeding the Exchequer standard (O'OOl)

one thousandth of an inch per yard.

The value of one division of the micrometer is (000004) four hundred thousandths of an incli.

Each revolution of the micrometer contains (100) one hundred divisions.

I deduce from the above experiments, as an approximate result, xuicorrected for temperature,

that Queen Elizabeth's ell = Exchequer yard + 9*0386 inches.

(Signed) A. Strange.
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XLTV.—On the Theory of Isomeric Compounds. By Dr A. Crum Brown.

(Read May 2, 1864.)

In the following remarks I intend to confine myself to the consideration of
those compounds which have not only the same composition per cent., and the
same molecular weight, but also the same constitutional formula. Such com-
pounds may be termed absolutely isomeric. As the constitutional formula of few
substances is fully known, this class is of course a small one, or rather there are
few substances of which we can certainly say that they belong to this class.

The following are the principal pairs of substances which are or have been
supposed to be absolutely isomeric. I shall first enumerate them, and then
proceed to discuss the nature of their isomerism.

1. The hydrides of the alcohol radicals, and the so-called alcohol radicals, as
hydride of ethyl and methyl gas ; hydride of propyl and methyl-ethyl.

2. Chloride of ethyl and the product of the action of chlorine on hydride of
ethyl. Also the chlorides of other alcohol radicals and the mono-chloro deriva-
tives from the corresponding hydrides.

3. Chloride of vinyl and chloracetene.

4. Fumaric and maleic acids.

5. Two of the three acids citraconic, itaconic, and mesaconic.
6. Bromo-maleic and isobromo-maleic acids.

7. Bibromo-succinic and isobibromo-succinic acids.

8. Active and inactive malic acid.

9. Active and inactive aspartic acid.

10. Two of the varieties of tartaric acid.

11. The two series of bodies known as the compounds of ethylene and of
ethylidene.

12. Lactic and paralactic acids.

13. The two series of alcohols derived, the one by fermentation from sugar.
and the other by the addition of water to the olefines, as Berthelot's and
Friedel's propylic alcohol, Wurtz's hydrate of amylene, Erlenmeyer and
Wanklyn's ^ hexylic alcohol.

To the same class belong of course the ethers derived from these alcohols.

14. The isomeric acids and alcohols having the general formula C„Hi(„_jQ,
as kressylic acid, and benzoic alcohol.

I now proceed to inquire whether these pairs of substances are absolutely
isomeric or not.

In order to do so, we must determine whether they are really different, whether
they are not perhaps identical ; and secondly, whether they are or are not

VOL. XXIII. PART III. Q ^



708 DR A. CRUM BROWN ON ISOMERIC COMPOUNDS.

metameric ; in other words, whether the theory of atomicity is insufficient alone

to explain their difference.

1. Are there two isomeric series having the common formula C„H,(n+i) ?

Or are these bodies identical ? Till lately, most chemists would have replied

unhesitatingly that these substances were different. According to the observa-

tions of Frankland, hydride of ethyl and methyl gas, otherwise so like qne

another, show a very different reaction when treated with chlorine in diffused

day-light. Were this observation confirmed, it would be quite sufficient to prove

that the two bodies were not identical. Several chemists (Cakius, Schorlemmee)

have, however, lately expressed doubts as to the correctness of Frankland's

observation, and it would certainly be satisfactory that it should be repeated

with special precautions.

That these bodies are not metameric, that is, that the theory of atomicity is

incapable of explaining the difference between them (assuming, as we may do.

till Frankland's observation be found incorrect, that there is a difference), is

evident. For there is on that theory only one possible constitutional formula for

a substance having the composition and molecular weight expressed by the

empirical formula C.^Hg, viz.,

© ©
©-©-©- -®

© ©
The same reasoning is sufficient to show that the other pairs in this series, as

methyl-ethyl and hydride of propyl, ethyl and hydride of butyl, &c., are not

metameric. The question of the identity of these bodies must, however, be still

regarded as an open one.

2. There can be little doubt that chloride of ethyl and the substance produced

by the reaction of chlorine on hydride of ethyl are essentially different. The

* I may here shortly explain the graphic notation which I employ to express constitutional

formula, and by which, it is scarcely necessary to remark, I do not mean to indicate the physical,

but merely the chemical position of the atoms. An atom is represented by its usual symbol,

surrounded by a circle with as many lines proceeding from it as the atom contains equivalents, thus

an unequivalent atom is represented by Q— , a biequivalent atom by —@— or ©Z, and so on of

the others. When equivalents mutually saturate one another, the two lines representing the

equivalents are made continuations of one another, thus water is (h)—(V)—Q. Formic acid

^-,0

©-(!)
r

&c.

(i)

This method seems to me to present advantages over the methods used by Professors Kekule
and Erlenmeyer ; and while it is no doubt liable, when not explained, to be mistaken for a repre-

sentation of the physical position of the atoms, this misunderstanding can easily be prevented.
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former boils at +11°C, the latter is a gas not condensible by a cold of -18^C.

There is also a great difference between them as to solubility in water. They

cannot be metameric, as there are not two possible constitutional formulae for

C^HjCl. They are therefore absolutely isomeric. The same argument does not

hold in the case of any of the homologues of chloride of ethyl except chloride of

methyl. For there may be two formulae for the molecule CgH^Cl, two for

C4H9CI, three for C^H^^Cl, &c., without varying the mode of arrangement of the

carbon atoms inter se.

3. Chloride of vinyl and chloracetene are undoubtedly different. They

resemble one another in nothing but composition and molecular weight. If we

exclude the possibility of the existence of diatomic carbon* in such a molecule,

there is only one constitutional formula to represent them both,

© ©
I I

©-(^-(^-©

4. The constitutional formula of succinic acid is

I
I I

I

Op (^ (b ^
© (5)

Maleic and fumaric acids, each form succinic acid by the addition of two atoms

of hydrogen. And as both are dibasic, these two atoms of hydrogen cannot be

contained in either of the groups HO in succinic acid. They must therefore be

two of the hydrogen atoms directly combined with carbon. Now, there are two

conceivable constitutional formulae by which they could be represented,

©-^ ® ^-(o) and (o)-^ (^ © ^©or®-^ ^ ^ r-©
^ -(c)- -(e)- -(i)- -(c)- -> ^ -(iy-^ -^- -(^- ^ V _(^_ _(^_ A ^_J

(^o) (i)
^) (o)

(^ (0)

® (b b (b b
* I do not intend to deny the possibility of this, but all we know of such " non-saturated" sub-

stances leads to the belief that the atomicity of the carbon radical Cn is reduced, not by one or more
of the carbon atoms becoming diatomic, but by the union of the carbon atoms taking place in the

way represented by the following graphic forraulis :

—

(C3)- =^ -(^- -(c)-, (C3)- = (cy -(^- -0- or (i)- -(cy -<^-, (C3)- = (^- -(c)- -(c>

or -CcV-(c)--©-, &c.
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Of these the latter only is admissible, for the theory of atomicity taken strictly

does not admit of free affinities in a molecule. This formula then must be

common to the two acids.

5. In the abstract of this paper, published in the Society's " Proceedings," the

dehydrogenates and the bibromo derivatives of pyrotartaric acid were inadver-

tently included in the list of bodies probably absolutely isomeric. From the

relation of pyrotartaric acid to prop3dene, and of the latter substance to Friedel's

alcohol, we may deduce the following formula for pyrotartaric acid :

—

© © (? ^.)
©--(«> -(i)-^-©-^

I I !
I

(b

If this formula be correct, it is obvious that there ma?/ be three metameric

dehydrogenates and bibromo derivatives.

6. As the two atoms of hydrogen in the radical of maleic acid are, on the

theory of atomicity, in precisely similar positions, it is obvious that there cannot

be two metameric bromo-maleic acids. x\nd as Kekule has shown that there

are two acids, bromo-maleic and isobromo -maleic, these must be absolutely

isomeric.

7. Two perfectly admissible formulae can be constructed to represent bibromo-

succinic acid :

—

&-. ^ V-J r
I-0-9-

-iy 1

© © ^ (^)

^ ©

© and

But that these formulae do not correspond to bibromo-succinic and isobibromo-

succinic acids is plain from the following considerations. These acids are formed

by the direct addition of bromine to maleic and fumaric acids. The bromine

must therefore be combined with the two carbon equivalents, which in maleic

and fumaric acids are combined together, so that the latter of the two formulae

given above must be that of both brorainated acids.

8. As the constitutional formula for succinic acid shows no difference as to

" chemical position" among the four atoms of hydrogen in the radical, there can

be only one formula for the substance produced, by replacing one of these atoms
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by the water residue ; but we have two varieties of malic acid, active and

inactive ; these must therefore be absolutely isomeric.

9. The same argument applies to the case of active and inactive aspartic

acids ; aspartic acid being succinic acid in which one atom of radical hydrogen

has been replaced by the ammonia residue NH2.

10. As there are two possible formulae for bibromo-succinic acid, there are

also two for tartaric, or dioxy-succinic acid. We have not the same reason for

excluding either of these in this case as in that of the bibrominated acids ;*

but as we have three undoubtedly different varieties of tartaric acid (excluding

racemic acid), two of these at least must have one of these formulae in common.

So far we have been concerned with pairs of substances which seem to be really

absolutely isomeric. The remaining substances in our list are more probably

metameric.

11. If we consider the various reactions of the ethylene compounds, particu-

larly the formation of glycollie acid from glycol, we are forced to the conclusion

that the two unsaturated equivalents of the radical ethylene belong to two

different carbon atoms. This conclusion may also be arrived at in another,

perhaps less satisfactory way. As chloride of ethylene is formed by the direct

union of chlorine and ethylene, the chlorine must be combined with those carbon

equivalents which in ethylene gas are combined with one another ; but equivalents

of the same atom cannot be combined with one another, therefore in chloride of

ethylene the two atoms of chlorine must be combined with different carbon

atoms. The constitutional formula of chloride of ethylene is therefore

© ©
1 I

©--(J>-(^-©

(b (b

and that of oxide of ethylene

©--(e>^-©
^r:^^

Again, the reactions of aldehyde, the oxide of ethylidene, lead to the view of its con-

stitution first proposed by Kolbe, and now almost universally adopted, jj^ V CO,

* It would be interesting to compare the properties of the tartaric acid formed from isobibromo-

succinic acid with that from bibromo-succinic, and with the varieties obtained from the grape.

VOL. XXIII. PART III. 9 E
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in which both oxygen equivalents are combined with the same carbon atom.

The constitutional formula of chloride of ethylidene is therefore

© (^

I I

(i^

and that of aldehyde

© ®

These two series of substances are therefore metameric.

12. The researches of Wislicenus (An. Ph. cxxviii. 1) and Lippmann (An.

Ph. cxxix. 81) prove that lactic acid and paralactic acid stand to one another in

a relation similar to that of chloride of ethylidene and chloride of ethylene ; that,

in fact, the former is a compound of ethylidene, with the water residue and the

group i'^ |-
CO

j
' and the latter of ethylene with the same radicals. They have

therefore the following constitutional formulae, and are metameric :

—

Lactic.

© ©
-CD

Paralactic.

© ©
©- -(b- 4)- -(^-^ ^ ©-^^- -<b-III III

(b (b (b b b (b

©

<?
J

13. With regard to the two series of alcohols—the alcohols proper and the

hydrates of the olefines—we know, at least, that Friedel's alcohol is not absolutely

isomeric with propylic alcohol, but, as suggested by Kolbe, only metameric. If

we consider the relation of these alcohols to their aldehydes—propionic aldehyde,

and acetone, the aldehyde of Friedel's alcohol—we easily see that the formula

of propylic alcohol is

©-d)-^-(^-(°>-®

© © ©
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while that of Friedel's alcohol is

(H) ©

(^ © d)

©
As Friedel's alcohol is identical with that obtained by Berthelot from propylene,

it is highly probable that the same difference exists in the case of all the other

members of the two series. In the same way the iodide of propyl is

(h) (a) (H)

©-©-©-©-©

and the hydriodate of propylene

(h)

©-(^-©--(^-©

(b d) ©
14. As to the aromatic alcohols and the isomeric acids, we know too little of

their constitution to speak definitely with regard to their relation. They may,

as suggested by Erlbnmeyer (Zeitschrift, vii. 12), be absolutely isomeric, or, on

the other hand, they may be related to one another as the two series of alcohols

last mentioned are.

Having enumerated the bodies which may without hesitation be called

absolutely isomeric, I shall now consider the bearing which the existence of such

substances has upon the theory of atomicity.

If we examine the fundamental definitions of that theory, we shall see that

there is a point of importance left undecided. We define a multequivalent atom

as an atom having two or more equivalents, by means of which it may unite with

the equivalents of other atoms, but it is not decided whether these equivalents are

similar to one another or not. On the former supposition, there can be only one

substance corresponding to each constitutional formula, and absolutely isomeric

compounds are impossible. It must therefore be rejected, as such compounds

exist. We must then assume that some of the equivalents of at least some

multequivalent atoms are different from other equivalents of the same atoms.

This assumption may take one of two forms,— 1. We may suppose that the

difference is an essential and unchangeable one ; that, for instance, the two equi-
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valents of a diatomic atom differ from one another as chlorine does from bromine
;

and that the one can no more be changed into the other, than an atom of chlorine

can be changed into an atom of bromine ; or, 2. We may suppose that such a

change is possible.

Our knowledge of facts is not as yet sufficiently extensive to enable us to

decide definitely between these two hypotheses, but it may be of some use to

examine their consequences.

The second is, as yet, obviously too vague and indefinite to admit of this, I

shall therefore confine my remarks to the first. The principal advocate of this

hypothesis is Professor Erlenmeyer of Heidelberg. Professor Butlerow of

Kasan, has also published some speculations in the same direction ; and in

his paper on Organic Acids in the supplementary volumes of Liebig's " Anna-

len,' Professor Kekul£ of Ghent treats shortly on the same subject. The only

attempts, however, to apply this hypothesis in a definite way to the explanation

of particular cases of absolute isomerism are, as far as I am aware, 1. That of

Professor Kolbe, who applies a form of this hypothesis to the case of the isome-

rism of oxide of ethylene and aldehyde. I have already given my reasons for be-

lieving that these substances are metameric, and shall therefore not discuss the

point further here. 2. That of Butlerow (Zeitschrift, v. 301), who endeavours

by means of it to explain the isomerism of hydride of ethyl and methyl gas

;

and 3. That of KekulS (Ann. Ch. Ph., Supp. b. ii. Ill), in his explanation of the

isomerism of maleic and fumaric acids, and of citraconic, itaconic, and mesaconic

acids.*

1 shall examine the 2d and 3d of these examples in detail, and think I shall

be able to show a certain degree of inconsequence in both. Professor Butlerow

argues, that in methyl gas the two atoms of carbon are combined by two affinities

of the same kind (secondary affinities), each being the affinity which in iodide

of methyl is combined with iodine. In hydride of ethyl, the two carbon atoms

are combined in the same way as in the other members of the ethylic series,

therefore, probably in the same way as in the members of the acetic series, one

of which is acetonitrile, which is cyanide of methyl, the one is therefore the free

affinity of methyl (secondary), the other the free affinity of cyanogen. These

must be different, because hydride of ethyl is not identical with methyl gas.

Butlerow indicates this, by calling the free affinity of cyanogen primary. We
have thus in methyl gas two primary affinities united together, and in hydride of

ethyl a primary united to a secondary.

In this reasoning we have three assumptions,—1. That the nature of the

carbon affinities is unchangeable ; 2. That the carbon atoms continue united to-

gether by the same affinities through a series of chemical reactions, such as the

* I do not here notice the remarks of Professor Kolbe (Zeitschrift, vi. 13) on the same subject,

as his object is rather to prove the metamerism than to explain the isomerism of these bodies.
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transition from acetonitrile to hydride of ethyl ; and, 3. That hydride of ethyl is

not identical with methyl gas.

By carrying this argument a little further, and making use of no additional

assumption, we arrive at an absurdity,—thus, the carbon radical of the acetic

series is the same as that of oxyacetic (glycollic) acid, that again is the same as that

of oxalic acid, therefore as that of oxalic nitrile or cyanogen gas ; but in cyanogen

gas we have the two carbon atoms united by two primary affinities ; but we have

before proved, that in the acetic series they are united by a primary affinity of the

one, and a secondary affinity of the other. It is obvious, then, that at least one of

our assumptions is false. And when we closely examine the two general assump-

tions (1. and 2.), we shall see reason to believe, that neither of them is rigidly true.

It is well known that the replacement of one equivalent in a compound by

another, while it leaves the " chemical structure," or " chemical position" of the

other atoms unchanged, exerts an influence on the intensity of the chemical at-

traction, not only of the equivalents directly concerned in the replacement, but of

all the equivalents in the molecule.* To see this we have only to compare the

nature of the force, uniting H to O in acetic acid, and in GlycocoU,

© r-©and © r"©

IT II

$) © (b

We here see the hydrogen and the ammonia residue NH^ exerting a " disturbing"

influence on the relation of oxygen to hydrogen through two carbon atoms. Many

other examples will at once occur to every chemist. The nature of the equivalents,

that is, of the force they exert, is thus seen to be variable, but the facts of abso-

lute isomerism force us to admit, that this variation in the character and intensity

of the chemical force exerted by the difterent equivalents of one atom depends

upon something else, as well as upon the nature of the other equivalents with

which that atom is united.

We find, then, that although the nature of one equivalent of an atom does

change, as the other equivalents are united with different substances, there must

be some original difference between them, which renders absolute isomerism pos-

sible. In what this original difference consists, whether it is essential or merely

accidental (using the word in its strictly logical sense), we cannot as yet say.

We may thus divide the force, uniting any two equivalents, into two com-

* BuTLEROw notices this disturbing influence (Zeitschrift, vi. 516) as opposing an obstacle, which

he seems to regard as for the present insuperable, in the way of determining whether a difference

exist or not among the equivalents of a multequivalent atom.

VOL, XXIII. PART III. 9 F
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ponents, one depending on the structure of the molecule, and the position of the

equivalents in question in it, and the other independent of these. For con-

venience we may call the first the molecular, and the second the atomic

component.*

From all that we know of the disturbing effect of an equivalent on the rela-

tions of the other equivalents in the molecule, we may safely assume that the

molecular component of the force uniting the two carbon atoms to form the hex-

atomic carbon radical (Cg)^^', is not the same in any two compounds. And if

there be more than one body having the formula C.^Hy, we are forced to the con-

clusion, that in these cases at least, the atomic component is different also.

The question in reference to the second assumption mentioned above may now
be stated thus,—Does the atomic component of the force uniting the two carbon

atoms remain the same through such a series of transformations as that connect-

ing acetonitrile and hydride of ethyl ? There is every reason to suppose that it

does, if it is always the same for the same pair of equivalents ; for there is

nothing in any of these transformations which would lead us to suppose that one

carbon equivalent has changed places with another. We are then brought to the

dilemma, either methyl gas and hydride of ethyl are identical, or a change takes

place in the atomic component of the force uniting the two carbon atoms in some

of the transformations connecting cyanogen gas and hydride of ethyl.

' In connection with this, it may be proper to examine shortly the relation

between the view of the chemical nature of carbon provisionally adopted by

BuTLERovv, in the paper referred to above, and that of Kolbe, as explained in his

" Lehrbuch der Organischen Chemie," and in several valuable papers in Liebig's

" Annalen," and in Erlenmeyer's " Zeitschrift."

Professor Kolbe considers carbon (carbonyl= (CJ, C—Q) as a tetratomic

element (as indeed it is now admitted by every one to be), and holds that in a large

number of organic compounds, the four equivalents united to the carbonyl atom

may be divided into two groups,—the intra-radical and the extra-radical,—so far

his view resembles that of Butlerow ; but it differs from it in the following

respects :

—

Butlerow assumes that it is an essential property of the carbon atom

to combine in this way, that carbon always combines with two equivalents in one

way, and with two others in another way. Kolbe only admits this in the case

of bodies derived from dibasic carbonic acid. In methylic compounds, for in-

stance, he regards the three atoms of hydrogen as precisely similar. When we

examine the theories more closely, we see another reason to doubt their identity.

If we try to compare them, we find it difficult to decide whether Butlerow's

* The terra component is, of course, not used here in its strictly dynamical sense, what is

meant is, that the total force uniting a pair of equivalents, is a function of two quantities, the one

depending on the structure of the molecule, and the position in it of the two equivalents, and the

other on the chemical nature of the two equivalents.
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primary affinities correspond to the intra-radical or extra-radical affinities* of

fH (0,
KoLBE ; for instance, in formic acid,—C { O" or C, ^' H , the H and the OH (or 0- HO)

(OH ' (oho
are united to the extra-radical affinities, but by carrying out Butlerow's reason-

ing, we are led to the conclusion, that the H is united to a primary, and the OH
to a secondary affinity, unless we suppose that the free affinity of methyl is

different from that of formyl.

It is not impossible that such a difference may exist, but till this point is

settled, and till we know whether the two free affinities of (CO)" are similar or

not, it is impossible satisfactorily to compare the two theories.

The other attempt mentioned above to explain cases of absolute isomerism, in

harmony with the theory of atomicity, is that of Professor KEKUL:6.f After

shortly recounting the principal facts, more minutely described in his admirable

researches on organic acids, he says,
—" All these facts find, in my opinion, to a

certain extent, their explanation in the following considerations :—According to

the views on the atomicity of the elements which I communicated some time

since, succinic acid and its homologiie pyrotartaric acid may be regarded as

closed molecules, that is, all the affinities of the atoms composing the molecule

are saturated by other atoms. Both acids contain two atoms of hydrogen re-

placeable by radicals, because two atoms of hydrogen are united to the carbon

group by means of oxygen. These two replaceable (typical) atoms of hydrogen

may be easily exchanged for metals, because, besides the two atoms of typical

oxygen {i.e., oxygen united by only one affinity to carbon), there are other two

atoms of oxygen united to carbon by both affinities, which, therefore, in the

language of the typical theory, belong to the radical. If these two atoms of

hydrogen are represented apart from the rest, as is done by means of the typical

formulae,

—

C.H.O. C,H,0,
}°H„ '
f
^2 h' j

^2

or still more clearly by the graphic representations which I have made use of

more than once in another place, j it will be readily seen, that in succinic acid

* I use the terms intra- and extra- radical affinities as abbreviations for the carbon affinities

with which the intra- and extra- radical oxygen atoms are combined.

j" Ijoc. cit.

I In order to elucidate this passage as much as possible, I append the graphic representa-
tions referred to :

—

Succinic Acid. Pyrotartaric Acid.

c H'^H c

iNi iNi#^^OO##^## ilNii

H C ^'H C H«H C
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there are four, and in pyrotartaric acid six, other atoms of hydrogen present.

This hydrogen is considered, according to the typical theory, to belong to the radi-

cal, according to the theory of atomicity, to be directly united to the carbon, and

in such a way that there are always two atoms of hydrogen united to the same

carbon atom. If we noAv suppose, that in the one or the other of these two nor-

mal acids two such hydrogen atoms are wanting, we have, on the one hand, the

composition of fumaric and maleic acids, on the other, the formula of citraconic

itaconic, and mesaconic acids. Now, as there are in succinic acid two pairs

of hydrogen united in this Avay to carbon, we easily see the possibility of the

existence of two dehydrogenated acids, as the one or the other of these pairs of

hydrogen atoms is absent.

" Similarly, in the case of pyrotartaric acid, the existence of three isomeric

dehydrogenated acids is intelligible, in each of which another of the three pairs of

hydrogen atoms directly united to carbon is absent. At that place in the mole-

cule where the two hydrogen atoms are wanting, there are two carbon affinities

unsaturated, there is at that place, so to speak, a blank."*

There is some difficulty in understanding this last statement. For what can

be meant by two affinities of the same carbon atom uniting together ? unless

the definition of either " atoms" or " combination" be completely changed. Or

if we take the natural meaning of the sentence last quoted, and suppose two car-

bon atoms pushed together, so that two affinities of each previously united to

hydrogen come to be united together, the two wanting hydrogen atoms do not

come from the same, but from two different carbon atoms.

f

But leaving this preliminary difficulty out of consideration, and also granting

the existence in such a molecule of diatomic carbon, a glance at the diagrams is

sufficient to show, that this vicAv does not give us two but only one formula for

fumaric and maleic acids, unless a difference be admitted among the affinities of

carbon. The pairs of hydrogen atoms, which I have marked a and h, have per-

fectly similar positions, the one being related to one end of the diagram, exactly

as the other is to the other end. In the same way the graphic representation of

pyrotartaric acid suggests only two formulae for citraconic, itaconic, and mesa-

conic acids, there being no apparent difference between the position of the pairs

c and e.\ This explanation is insufficient, not to say unintelligible, unless we

suppose a functional difference between the two carbon atoms, with which the

pairs of atoms of hydrogen are united ; and if we make this assumption, it fol-

lows as a necessary consequence, that there is a difference between the two

groups of HO. It is no doubt possible, that such a difference may exist; but it

* " It may of course equally well be assumed, that the carbon atoms are, as it were, pushed

together (zusammengeschoben), so that two carbon atoms are united by two affinities of each. This

is only another form of the same idea."

f See Eklenmeyer, Zeltschrift, vi. 21. * % See Butlerow, Zeitschrift, vi. 524.
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seems very unlikely that such a property of a substance so well known as succinic

cicid should not have been observed.

We thus see, that the attempts to apply to the explanation of particular cases

the principle of a difference between the equivalents of multequivalent atoms

have failed, not, however, as far as can at present be seen, from any absurdity

in the principle itself, but rather from a want of well-observed facts to guide

us in its application. These we may expect before long, from the labours of

BuTLEiiow, ScHORLEMMER, and others, and we shall then be in a position to

form a definite opinion as to the form which this hypothesis should assume.

VOL. XXIII. PART III. I) G
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XLV.

—

On the Theory of CommensuraUes. By Edward Sang, Esq.

(Read 7th March 1864.)

The general proposition in the theory of commensurables is to determine the

conditions under which lines, surfaces, or solidities, connected with prescribed

figures or forms, may have their ratios expressible by integer numbers.

The attention of geometers must have been drawn to this subject by the con-

templation of incommensurable lines : the altitude of an equilateral trigon is

incommensurable with the base ; the diagonal of a square incommensurable with

the side, and so on. And, when the two sides of a right angle are expressed by

two numbers, the hypotenuse is, in the great multitude of cases, incommensurable

with the sides : thus, if the sides be 5 and 7 inches respectively, the length of the

subtense cannot be accurately expressed either in integers or fractions. How-

ever, when the sides are 3 and 4 units, the hypotenuse is exactly 5 of the same

units.

This circumstance seems to have turned the inquiries of geometers at a very

early period to the discovery of those cases in which the three sides of a right-

angled trigon. are all commensurable; and the computation of Pythagorean

numbers was to them a very interesting problem.

Many problems of a similar nature may be proposed : thus we may require

that the three sides of a trigon, and the line bisecting one of the angles, be all

commensurable ; that the four sides and the two diagonals of a tetragon be all

expressed by integer numbers, and so on.

The methods of solving such problems may be said to constitute the theory of

commensurables.

Section 1.

—

On the Bight-Angled Trigon.

1. If A and B represent the sides of a right-angled trigon, of which the hypo-

tenuse is C, we must have the equation

and the question is to discover integer values of A, B, and C, which may satisfy

this equation.

When it happens that two of these three numbers have a common divisor, the

third number must have the same divisor ; for if A and B had the common divi-

sor n, so that A — na, B= nb, A^ -|- B^ that is C^ would be divisible by n^; in other

" words, C would be divisible by n, and thus the case A, B, C might be reduced by

division to the lower numbers a, b, c.

And conversely, when we have obtained one solution, as 3, 4, 5, we can thence

VOL. XXIII. PART III. 9 H
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deduce others, as 6, 8, 10 ; 30, 40, 50, by multiplication. Hence it is almost

enough to consider only those cases in which the three numbers are prime to

each other. For convenience we shall indicate that the solution is in the lowest

terms, by the use of the small letters ; solutions in general being indicated by

capitals.

2. Any odd prime number may represent the side of a rational right-angled

trigon, but of only one.

For the equation A^ + B^ = C^ may be put under the form A^ = C^—B^ = (C + B)

(C— B), while A^ may be regarded as the product of unit by A^ ; wherefore we

may put
A2= C + B; 1 =C-B, whence

B =i(A2-l); C=i(A2 + l)

so that if Abe an odd number, A"— 1 and A^ + 1 are both even, and therefore

B and C both integers.

Representing prime numbers by the Greek letters, if a = a, we have J= |

(a-^— 1) ; c= ^ («^ + 1), whence the solutions

3, 4, 5 ; 5, 12, 13 ; 7, 24, 25 ; 11, 60, 61, &c.

Since a is a prime number, the only decompositions of a' are «' x 1 and

ax a. The former of these has just been considered ; the latter would give

a =C—B, a = C-l-B, whence B = o, C = a, showing that the trigon has collapsed

into a straight line.

3. Any odd number which is the product of two unequal prime factors may
represent the side oifour distinct rational right-angled trigons : of these two are

reducible and two are in their lowest terms.

If A be the product of two primes, a, ^ (neither of which is 2), we may put

A'^ as the product of two factors in five ways, viz., a^jS^ x 1 ; a'^^S x /3 ; a^'^ x a ;

a: X |8^ ; and a^xa(3; the last of these can give no trigon, so that there remain the

four solutions

&=i(a2/32-l) B=A (al3^-a)

C=i (a/52 + a)

5=1 (a'-^-'')

In the second of these, each side is divisible by (3, in the third by a, so that

these two solutions are included among those of the preceding article : but in the

first and last, the sides are all prime to each other.

Hence the solutions 15, 112, 113 ; 15, 8, 17 ; 33, 544, 545 ; 33, 56, 65, &c.

4. Any odd composite number of the form a^ . /3^ .
7''=A may be the side of

half as many distinct trigons as there are units in tlie product (l + 2p) {l + 2q)

(l-l-2r) . . . less one.

For the continued product 8^ = a^^ .
^'"'^

.
y'^''.

. . &c., has, inclusive of unit and

A"^ itself, divisors to the number (1 -1- 2p) (1 -1- 2q) (] + 2r) ... of which A itself is
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one. Omitting tlie case A x A, which cannot give a trigon, it follows that A^ may
be represented as the product oftwo factors in | {(1 + 2p) (1 + 2^) (1 + 2r) . . . — If

ways. Each one of these gives a distinct solution, for if A^ = P . Q be one of

these decompositions,

A= ^/P:Q; B=J(P-Q); C=i(P + Q).

Of the total number of these solutions, only those are in their lowest terms in

which P and Q are prime to each other. Therefore, if n be the number of sepa-

rate primes which enter into A as factor, the number of cases in their lowest

terms is 2""S and is irrespective altogether of the exponents y, q, r, &c.

5. No double of an odd number can be the side of a rational right-angled tri-

gon in its lowest terms.

For if A be the double of an odd number itself prime, or the product of two

or more prime factors, a, ^, its square is 4 a^ /3^ which can be resolved into un-

equal factors prime to each other only of the general forms 4 a^/9^ x 1 ; 4 a^ x /3^

one of which is even and the other odd ; wherefore the suras and the differences

of these factors are all odd, so that in the solutions

A=2af3; B= i(4a2/32-l); G=^ (ia^^^ + 1)

A=2a(3 ;
B=i (4a2-/32) ; C=| (Aa^ + ^^) &c.

the fraction ^ must occur. To remove this fraction we must double all, and then

A=4a/3; B=4a2^2_i. G=ia^(3^-i-l

:

A=4.a^; B=4a2-jS2 ; C=4a2 + ^2 : Scc.

6. Any number of the general form 2' A// in which t exceeds unit, A and /j. being

odd numbers prime to each other, may be the side of a rational right-angled

trigon in its lowest terms.

For A^ = 2^' X^
ij?

and may be resolved into the two factors P = 2^'~^ A^ ; Q= 2/x^

whence A= 2*Aju; B= 2''-' A'—/x'; C= 2''-' A' + iu', which are all integer and

prime to each other.

If n be the number of odd primes which enter into A as factors, the total num-

ber of cases in their lowest terms is 2"~\

7. I and m being any two numbers whatever, P-i{-m\ 2lm and P—m^ repre-

sent the three sides of a right-angled trigon.

For if A= 2lm, B = F-rre and G= P + m\ we have A' -t-
B' = C^

If I and m have a common divisor. A, B, C, can all be divided by the square

of that divisor. If / and m be prime to each other and both odd^ the numbers in

the above solution may be halved ; but if one be odd, and the other even, the solu-

tion as given is in its lowest terms.

8. Of a right-angled trigon in integers, one of the two sides is divisible by 3.

In this investigation we may suppose that the trigon is in its lowest terms.

In the equation «^ + ^^ = c^ if the number a be not divisible by 3, it must be

of one of the forms ?)n+l, ^n—\, so that its square must be of the form 3w-t- 1.
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If now b be also indivisible by 3 its square must be of the same form, so that

a^ + y^ would be of the form 3w + 2, which cannot possibly be that of a square

number. And thus one of the two must be divisible by 3.

9. Of a right-angled trigon in integers, one of the two sides is divisible by 4.

The square of every odd number is of the form 8??-l- 1, wherefore if « and h

were both odd numbers, a^ + Jf would be of the form 8^2 + 2, which cannot be that

of a square ; thus one or other of the two must be even. Now if a be even, h and

c must be both odd, wherefore a^ being the difference of two odd squares, viz.,

c^—V^ must be divisible by 8 ; but no square can be divisible by 8 unless its root

be divisible by 4, wherefore the even side a must be divisible by 4.

10. Of a right-angled trigon in integers, one of the three sides is divisible by 5.

All numbers not divisible by 5 are of the forms 5?z± 1, bn =!= 2, the squares of

which are contained in the forms 5w + 1, 6n—\. If neither a nor h be divisible

by 5, their squares cannot be both of the form 5w4- 1, nor both of the form 5?^— 1,

for then a^ + If would be of the form on + 2, or bn—2, neither of which belongs to

a square. Wherefore, if a be of one of the forms 5^=*= 1, h must be of one of the

forms 5w±2, in which case a^ + If is of the form bn, and therefore may be a

square.

Again, if the hypotenuse c be not divisible by 5, c^v!?=,5?2± 1 ; and similarly, ifb

be not divisible by 5, &^v?=45?^ ±1. Ifnow If'is^^.on + 1 while r vs^^.ow— 1, the difference

c^—lf would be of the form bn—2 ; or if 5^v?=457z— 1 whilec^'a?=i.5w4- 1, c^—lf would

be of the form 5?^ -f 2 ; neither of these can be square. The other two combina-

tions H^Hs^bn + l, c^'fsp\57i + l, and 6^Vi?=i5n— 1, c^v;=45w— I, both give c'—b'^^5n

w^hich can be a square, and then a must be divisible by 5.

11. The hypotenuse of a right-angled trigon in its lowest terms can never be

divisible by 7.

For if c were divisible by 7, neither a nor b can be so, as then all three would

be divisible by 7. Hence a and b must be of some of the forms 7?^=*=l, 7n^2,

7n=^3, and therefore their squares must belong to some of the forms 77i + 1, 7?i + 4,

7n + 2. Now no two of the remainders 1, 1 ; 4, 4 ; 2, 2 can make up 7, and there-

fore or + F' can never be divisible by 7.

The same argument may be used to show that 19, 23, 31, &c., cannot be divi-

sors of the hypotenuse of a right-angled trigon in its lowest terms.

12. Lemma. If two numbers be each the sum of two squares, their product

may be decomposed into two squares at least in two ways.

Let d—s'^ + f, and = 11^ + 1)^, then, on multiplying we obtain

which may be put under either of the forms,

de— s'^u- + 2stuv + <^w^ + s^w^ — ^atuv + i'^ur
;

de= s^u^ — 2stuv + fv^ + s^v^ + 2stuv + t^u- ;
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which are equivalent to

de— {su + tvf + (sf — tiif ;

de= {su— tvy + {sv + tuf ;

and thus the product de is shown to be the sum of two squares in two different

ways.

Cor. The square of the sum of two squares is also the sum of two squares

For if

d = s^ + t^

d^^ s* + 2sH^ + t^

= s*-2s^t^ + t* + 4:sH''

=:(s2_f2)2 +(2sty

13. If a number be divisible into two squares prime to each other in two

different ways, it is the product of two numbers, each of which is the sum of two

squares.

Let c be the sum of s^ and f, and also the sum of u^ and t?^, that is, let

then
s^ — u^= v^ — t^, or s + u : v + t : : v— t : s— u

wherefore the ratio s + u : v + t is not in its lowest terms ; that is, s + u and v + t

must have a common divisor, which we may suppose to be e , put then s + u^ex,

v + t=ey; and then x : y. \ v—t : s—u, so that we may put v—t=fx, s—u—fp,
in which/may have the value unit.

We thus obtain s + u=ex; v + t=fx
s-u=fy ; v-t=ey

whence
s=l{ex+fy), t=l ifx-ey)

so that
s2 + f2=i {e2^2 + 2efxy +fY +foc^ - '^efxy + e'y^

==l(e'+r)(x^ + y')

and thus c is the product of two factors, each of which is the sum of two squares.

Cor. Hence no prime number can be divided into two squares in more than

one way.

14. If an even number be the sum of two squares, its half is also the sura of

two squares ; and conversely.

If the even number 2n be the sum of two squares 5^ and f, its half n is also

the sum of two squares.

It is evident that the numbers s and t must either be both even or both odd.

wherefore ^{s + 1) and ^{s—t) must be integers ; now i(s + tY + \{s—ty' = ^{s"^ + f)

— n, therefore n i3 the sum of two squares

15. If the successive square numbers be divided by any odd prime a, the re-

mainders, including zero, recur in groups of a terms; and of the a— 1 terms

VOL. XXIII. PART III. 9 I
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between and 0, the one half is the converse of the other : farther, no two re-

mainders in the half group are alike.

The import of these assertions may be seen by taking any prime number, as

11, and dividing the successive square numbers 0, 1, 4, 9, 16, 25, 36, 49, &c. by

it. The remainders are found to be 0, 1, 4, 9, 5, 3, 3, 5, 9, 4, 1, 0, 1, 4, 9, 5, 3, 8,

5, 9, 4, 1, 0, and so on.

In reference to the divisor «, the natural numbers 0, 1, 2, 3, &c., belong to

the forms

na +
na + 1

na + 2

na +

na +

na-

na—

a-S
2

g-l
2

a-1

/ na +
na + 1

na + 4:

2

a-S
o

na — 2

na — 1

na —

of which the

squares are

of the same
forms with

na +
a2-6a + 9

na +
a^— 'Ia + l

I
na

na +

na + i:

na + 1

na +

a^-2a+l
4

'»2_6a + 9

From which it is obvious that the order of the remainders in the latter half of

the group is inverse of the order in the former half

Also the same remainder cannot occur twice in the half group. For if any

two squares, as k"^ and /", k and / being each less than |a, had the same remainder,

their difference k'^— P would be divisible by a. Now both k + l and k—l, the fac-

tors of k^— P, are less than a, and their product cannot possibly be divisible by a.

16. The sum of two squares which are prime to each other is not divisible by

any number of the form 4n—l.

Every composite number which is of the form in— I, must have an odd

number of factors of the same form combined with some or no factors of the

form 4:71 + 1. It will be enough to show that the sum of two squares prime to

each other cannot be divided by any prime number of the form 4w— 1.

If the two numbers s and t be both odd, s^ + f is even, and its half is the sum

of two squares and also odd ; and if / 4- f be divisible by any prime (3, its half

must also be divisible by /3. Wherefore we have only to show that the sum of

an odd and an even square can never be divisible by jS v?=^ 4w— 1.

Let us suppose that s=p^'+ik, t=q^^l, then

s2 + i^= (p^ + g^) /32d=2 (pk + ql) + Ic" + V

k and I being each less than ^^. Wherefore if the sum s^ + f be divisible by a
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prime number p, we can always find two numbers k and I each less than |/3 also

divisible by /?.

In regard to k and I being odd or even, there are only three possible combina-

tions; one may be odd and the other even, in which case k'^ + P is of the form

4'i^ + 1 ; they may be both odd, in which case K^ + V' is double of an odd number

which odd number is the sum of an odd and even square, and still divisible by ^ ;

lastly they may be both even, in which case we can halve them, and continue to

halve, until one of the quotients be even and the other odd, without affecting the

divisibility of the sum of their squares by /?.

Therefore, universally, if the prime number |5 be a divisor of s^ + f^ s and t

being prime to each other, it must also be the divisor of k'^ + /^ in which k and I

are each less than ^/3, the one being even and the other odd.

Now k^ + 1^ being of the form 4w+ 1, cannot be divisible by any number ^ of

the form in— I, unless the quotient be also of the form 4w— 1 ; but k^ + P is less

than ^/5^ wherefore that quotient must be less than ^(3. And thus if any prime

number f3 of the form in— I can be a divisor of the sum of an odd and an even

square, some number less than its half, and consequently some prime number

less than its half, and of the same form 4n—\, must also be a divisor.

If it were possible, then, that a prime such as 103 could divide the sum of an

odd and an even square, it would follow that some other prime of the same form,

and less than 51, would also be a divisor. The greatest prime of the form in— I,

under 51 is 47 ; if it, or any prime of the same form less than it, were a divisor

of k'^ + P; it would follow that some other prime (23 or under; would also be a

divisor. In this way we must ultimately arrive at the smallest prime of this

form, which is 3. Now there is no even number less than the half of 3, so that

3 cannot be a divisor of the sum of an odd and even square, and therefore we
conclude that no prime number, nor any other number, of the form 4^—1 can be

the divisor of the sum of two squares prime to each other.

It is obvious that, whatever (3 may be, it is always a divisor of (l3sY + {^tf,

but then it is also the common divisor of /3s and ^t.

17 Every prime number of the form in + l is the hypotenuse of one sole

right angled trigon in integer numbers.

Every prime number of the form 4% + 1 can be resolved into two square num-

bers, one of which is odd and one even, but only into one pair. Let, then

and

wherefore 7 is the hypotenuse of a right-angled trigon, of which ip^—q^ and ipq

are the two sides.

Here it may be observed that one of the sides is always divisible by 4.

18. Every product of two prime numbers 7, 8, each of the form in + l is the
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hypotenuse of four right-angled trigons in integers ; of which two are in their

lowest terras, and two are reducible by the divisors 7, ^

For, since every prime number of the form in + 1 is the sum of two squares,

Ave may put

Y'=p^ + q^, 8' = r' + s'

whence we can form the four equations

y^d^ = (pr + qs)- + (ps— qry

y^d^ = (pr— qsy + {ps + qrf

f8^ =
/^8^ =

+ y-s^

+ 8'-^q'

giving the four trigons

pr + qs, ps — qr, yo

pr— qs, ps + qr, yd

yr , ys , yd

dp , 8q , yd

of which the two first are in the lowest terms, while the two latter are reducible.

19. The product of n primes, each of the form 4w+l, is the hypotenuse of

2»-i right-angled trigons in their lowest terms.

For with one prime 7 we can have one trigon ; with the product of two primes,

7^, we can have two trigons. On introducing a new prime factor e, we can com-

bine the sides belonging to it with each of the two former trigons in two ways,

thus obtaining four cases. With a fourth factor ^, we can obtain two for each of

these four, and thus we proceed doubling the number of trigons at each accession

of a new factor.

20. Every power of a prime number of the form in+l is the hypotenuse of

one sole right-angled trigon in its lowest terms.

If a, b, 7, represent the three sides of a right-angled trigon ; that is, let

a^ + b^= y^.

Also put A, B, T, for those of a trigon having 7" for its hypotenuse, or,

An' + -B,-' = y'\

Multiply these two equations and we obtain

Aja^ + A„262 + B^i^2 + B^j^2^ ^2^+2^

(A.a + B„&)2 + (A„b - B,ay= (7"+^)^

or,
(A„a- B„b)2 + (A„6 + B„a)2 = (v-'+i)',

from which it would appear that for every trigon with the hypotenuse 7" we

have two with the hypotenuse 7"^^
• One of these, however, is reducible, the

other is not.
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Taking the operation in detail, we have, on supposing

A„+i, B„+i, 7"+!, &c. to have been deduced in succession from

a, b, 7,

we have
A„+i=aA„ + &B„; B„+i=aB„-6A„ .

If now we deduce from these,

A„+2=«A„+i + bBn+i ; B„+2

=

aBn+i — 6A„+i

,

the results are,

A„+2=(a'-*')A„ + 2a&B„; B„+2 = -2abA^+ (a^ -b^)Bn,

which, if A„ and B„ be prime to each other, have no common divisor.

But if we take the second combination, and put

A^+2=«A„+i— 6B„+i ; B„+2=aB„+i + 6A„+i
,

we obtain
A„+2= (a2 + b^)A„ ; B„+2= (a^ + b')B„ ;

7"+^

,

which are all divisible by a^ + If or 7^ and bring us back to

A„, B«, 7".

And thus we see that in forming the successive trigons A2, B2, y'^
; A3, B.^, 7%

&c. from a,h^l\ and confining ourselves to those only which are in their lowest

terms, we form only one series.

21. Every number which is the product of 72 primes of the form 4w+ 1, or of

any powers of those primes, may be the hypotenuse of 2"~^ right-angled trigons

in their lowest terms.

In regard to the obtaining of trigons in their lowest terms, the power 7" gives

only one as 7 itself does ; wherefore the combinations 7" ^^ ^\ &c. give just as

many cases as the product 7^^, &c.

General Scholium.

From these propositions we obtain a convenient method of computing and

tabulating the cases of right-angled trigons in the lowest terms.

We form a list of the prime numbers of the form An+l; these are 5, 13, 17,

29, 37, &c., and we decompose each of these into two squares ; thus, 2^-|- P = 5
;

3^ + 2^= 13; 4'^ = 1^ = 17, and so on, the general form being ^^'^
-I-

^'-^ = 7. From
these decompositions we then obtain, according to the formulae

a=^2pq, b=p^— q^,

the sides of the trigons of which these prime numbers are the hypotenuses.

Having thus constructed, to whatever extent we may desire, the table of

trigons with prime hypotenuses, we combine them according to the formulae of

articles 18, 19, 20, and obtain the cases in which the hypotenuses are composite.

VOL. XXm. PART III. 9 K
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In table I. are given the roots of the component squares, the prime numbers,

and the sides, for all prime hypotenuses under one thousand, and also the factors

of the hypotenuse with the corresponding sides for all composite numbers up to

the same limit.

Section 2.

—

On Muarif Angles.

22. If the sine and cosine of an angle be both commensurable with the radius,

all other functions, as the tangent, secant, cotangent, cosecant, of that angle are

also commensurable.

If the sine of any angle, as 6 be expressed by the fraction -, a and c being

prime to each other, the cosine of that angle is - Vc^^^o^, wherefore, in order

that the cosine may be rational, c^—a^ must be a square number, say h^, that is

to say, a^ + 6^ = c^ and thus it appears that all such angles belong to rational

right-angled trigons, so that we may write

sin = -, cos 6=^- ; whence tan ^=,

,

C C

cot ^= -, sec 6 — -. cosec 6= -.ah a

Definition.—We shall see immediately that these angles indicate or make

known the solutions of many problems in commensurables, and therefore I pro-

pose to designate them by the title oj-x^i, muarif, formed from the same root as

the word tarif in common use.

23. All the trigonometrical functions of the sum and of the difference of two

muarif angles are also rational.

If sin 6 = , cos 6=z- while sin <^ = — , cos </>=—, we have, according to the

fundamental propositions of trigonometry,—

• /zi JL^ aB + Ab ,/j ,. &B — aA
sm(6 + (p) =—^— ,cos(e + (p)=—-^^—

sin (6-(p) =—^^— ; cos (6 + (p) = —^—
which are all rational, and therefore all the other trigometrical functions of the

same angles are rational.

N.B.—In Table I. the values of the lesser angle of each trigon is given in

ancient degrees.

24. Every trigon of which two angles are muarif has its altitudes, its areas,

the radius of the circumscribed circle, and those of the four circles of contact, all

rational.
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If the angles at A and at B be both muarif, the sides of the trigons AFC, BFC
are commensurable ; wherefore the area of the

trigon is commensurable with the squares of

any of the lines AF, FC, FB, BC, CA, also the

trigons ADB, AEB, are similar to CFB and AFC
respectively ; wherefore their sides also are com-

mensurable.

Or in general, all the angles shown in the

figure are muarif, and therefore all the trigons

have commensurable sides and areas.

If a, h, G, be the three sides of any trigon, and S the surface, the radius of the

2S
a + ft + c'

2S

those of the three circles of external contact are

-, and that of the circumscribed circle is -r-^ and those,

inscribed circle is

2S 2S
a + &— c' a— h + c' —a + h + c

obviously, are all rational if S, a, h, and c be so.

25. If any straight line be assumed as a base, and if, at each of its extremities

any number of muarif angles be made, the sides of these being indefinitely

extended, all the distances intercepted on them are commensurable with the base,

and all the included areas are commensurable with the square of the base.

It is evident that all the angles obtained by this construction are muarif, and

that, therefore, the areas of all the trigons formed on the base are commensurable

with its square, while their sides are all commensurable with the base itself. Now,

all the segments are differences or sums of the sides of these trigons, and all the

areas are differences or sums of their areas ; wherefore, all of these are commen-

sm-able with the square of the base, and all of those with the base itself

26. If, at any of the points of intersection of the preceding article, muarif

angles be made, the segments and areas so obtained are all commensurable with

the base, and with its square.

The truth of this assertion follows at

once from that of the preceding.

27. If, at the point of contact of a straight

line with a circle muarif angles be made, if

the extremities of the chords so obtained be

joined and continued indefinitely, and if

tangents be applied at their extremities,

all the intercepted straight lines are com-

mensurable with the diameter, and all the

areas with the square of the diameter.

Since the angles which a chord makes

with a tangent at its extremity are equal to those in the alternate segments of the
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circle, every angle obtained in this way is muarif, and therefore the truth of the

proposition follows.

28. The double of any angle of which the tangent is rational, is a muarif angle.

If the two sides AB, BC, of the right angle ABC be commensurable ; that is,

if the tangent of the angle BAG be rational, BAD
double of BAG is muarif.

Since AC bisects the angle BAD, we have BA :

AD : : BC : CD and AG'= BA . AD - BC. CD, whence

easily BA' - AG' : BA' + AC' : : BA : AD : : BC : CD
wherefore AD and CD are both rational, and conse-

quently BD is rational, that is to say, the angle BAD
is muarif.

Otherwise if tan 6= -, whence sin 6=
a

cos d: and sin 26 = 2ah

a2 + 62

'

cos 26= a" b'

+ b'

(a2 + fe2)'

that is both sin 26 and cos
x/(a2 + 6')

26 are rational.

29. To find a muarif angle which may approximate as closely as may be

desired to a given angle.

The general solution of this problem follows at once from the preceding

theorem; we have to compute the series of fractions which approach to the

tangent of the half of the given angle, and from these to deduce the corresponding

muarif angles.

In particular cases, however, special solutions may be obtained.

Example 1.

30. To construct a rational right-angled trigon of which the angle may be

nearly half a right angle.

Having constructed the right-angled isoskeles tri-

gon ABC and bisected the angle at A by the line AD,

draw DE perpendicular to the hypotenuse AB, then,

as is easily shown, CD= DE = EB, and CD : DB : : 1

: a/2; or, CD : AG : : 1 : l-l-\/2, that is tan CAD=

T 7^, the Brounckerian approximations to which are
i + Y'^02222 2 2 2

10j.2_5 12 29 70

1 2 5 12 29 70 169

which, by help of the formula A= 2ab, B= «'— 5', C= a'-\-b\

5, 4, 3,

29. 20, 21,

169, 119, 120,

985, 607, 696,

5741, 4059, 4060, &c.

2

169

408

408
, &c.

985

give the cases,

—
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This proposition may also be put in the form " to find two numbers which

may diflfer by unit, and the sum of whose squares may be a square,"

Putting B= A + 1 in the equation C^= B^ + A^ we have C^= 2A^ + 2A + 1, or

2C^=(2A + 1)^+ 1 ; that is to say, we must resolve the indeterminate equation

D= 'n/(2C^— 1) in integers. For this purpose we put ^2 in the form of a con-

tinued fraction, and obtain the progression,—

1 2 2 2 2 2 2 2 2

1

1 1

1

3

2

7

5

17

12

41

29

99

70

239

169

577

408 985'^"-

1 7 41
of which the alternate terms ^, ^, oq belonging to our equation, the interme-

diates ^, ^, kc, belonging to the twin equation D = v'2C^ -I- 1 . The former

follow the law (—1, 6), that is to say, if the progression of the numerators be

Di, Da, D3, . . . D„, D„+i . . we have D„+2= 6D„+i—D„, and so also of the denomi-

nators ; the progression thus formed being,

—

-1 1 7 41 239 1393 8219

1 ' 1' 5' 29' 169' 985 ' 5741'
^'

in which the denominator of each fraction gives a hypotenuse, while the integers

immediately above and below the half of the numerator represent the two sides.

Eocample 2.

31. To construct a right-angled trigon in integers, such that its lesser angle

may be the tenth part of a revolution.

The tangent of 18°= 20^ is a/1— |V5; or 3249 1969 6232 907, which, when

resolved into a chain fraction, gives the quotients,

—

3, 12, 1, 6, 1, 6, 25, 4, 1, 1, 15, 1, 1, 1, &c.,

whence the approximations,

—

3 12 1 6 1 1

10 1 12 13 90 103 708
&c.13 37 40 277 317 2179

which give the trigons,

—

10, 8, 6, or 5, 4, 3; 1513, 1225, 888; 1769, 1431, 1040; 84829, 68629, 49860, &c.;

the third of which gives an angle 36° 00' 30 ".

Example 3.

32. To construct a right-angled trigon in integers of which the lesser angle

may be nearly 23° 27' 26", the obliquity of the ecliptic.
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The half of this angle, viz., IT 43' 43" has for its tangent -207 6118, to which
we have the successive approximations,

—

4 14 2 5 18

I I I I T, ¥3 li.
&e., which again give

the trigons 17, 15, 8 ; 26, 24, 10; or 13, 12, 5; 601, 551, 240; 2930, 2688, 1166;

or 1465, 1344, 583 ; &c.

33. To find a trigon having its sides rational and its area commensurable with

the squares of those sides, and which shall have, approximately, the shape of a

given trigon.

The general solution of this problem follows at once from the preceding. We
must find two muarif angles approximating to two angles of the trigon, and with

these construct a rational trigon.

But some of the special cases admit of peculiar solutions.

Example 1.

34. To construct a trigon of which the three sides may be represented by

three contiguous numbers while the area is a multiple of the square unit.

Let a—1, a, a+l be the three sides, S being the area, then

—

16S2 = 3a(a-2)a(a + 2)= 3a2(a2-4)

wherefore S{a^—4) must be a square number, or «^— 4 must be the triple of a

square. Let, then, «-— 4 = 3^:'^ This equation cannot be satisfied when x is odd,

for then a also would be odd, and the first member of the equation would be of

the form 4?z+ 1, while the second would be of the form 4?? + 3 ; hence both a and

o) must be even, or we may put

—

a=2a,a> =-2z, whence

a2-l = 3^2; 02= 3^2 + 1.

Now, when we develope Vd in the form of a chain fraction we obtain the

approximations,

—

1; 1, 2; 1, 2; 1, 2; 1, 2;

01 1 2 57 19267197.
10 11 8 4 11 15 41 56'

which belong, alternately, to the equations a-— 3z^—2 and a^= 3z^+l; the values

of a thus obtained are 1, 2, 7, 26, 97, &c., the next term being four times the

last term less the penult. Hence the trigons are

—

3, 13, 51, 193, 723, 2701, 10083,
^

4, 14, 52, 194, 724, 2702, 10084, >&c

5, 15, 53, 195, 725, 2703, 10085, J
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35. In a given circle to inscribe a polygon having all its sides, diagonals, seg-

ments, commensurable with the diameter, and their areas with the square of the

diameter; and which may approximate to a given inscribed polygon.

The general solution of this problem is another variation of No. 29 ; we have

only to seek the muarif angle approximating to the angle at the circumference

subtended by each of the sides of the given polygon, less one.

36. If, of a rational trigon, one of the angles be double of a muarif angle,

the lines bisecting that angle internally and externally are commensurable with

the sides.

If the angle ABC be double of a ^
muarif angle, and if the angle at A
also be muarif, the two trigons

ABD, DBC, into which ABC is

divided by the line BD drawn to

bisect the angle ABC, have all their

angles muarif, and so has CBE formed by drawing BE perpendicular to BD.

Hence the line AE is cut harmonically and rationally.

37. If, of a rational trigon, two of the angles be doubles of two muarif angles,

the six lines bisecting internally and externally the three angles intersect each

other and the sides of the trigon produced, so

that the segments are all rational, and the

areas commensurable with their squares.

For, if each of the angles OAC, ACO, be f^

muarif, their sum FOA must also be muarif,

wherefore its complement FBO has all its trigo-

nometrical functions rational ; so that, all the

angles in the figure being muarif, all the seg-

ments of the lines must be commensurable, and all the areas commensurable with

the squares of the lines.

Section 3.

—

On Co-ordinates.

38. If any system of points have their co-ordinates from two rectangular

axes, all rational, their co-ordinates referred to another pair of rectangular axes,

making a muarif angle with the former, are also all rational.

If a? and p be the co-ordinates of a point, when referred to one system of

axes, u and v its co-ordinates when referred to another system with the same

origin, and if be inclination of the one system to the other, we have —
M=a7 COS — y sin 6 ; v=x sin 6 + y cos 6 ;

wherefore, if x and ?/ be rational, and the angle 6 muarif, u and v must also be

rational.
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39. To construct a tetragon which may have the co-ordinates of its corners

and its sides all rational; subject to the condition that its sides have, nearlj',

given inclinations to the axes.

Since the inclinations of the sides of the actual polygon to the axes must be

muarif, we must select such muarif angles as may be suitable ; and, moreover,

we may always transform the co-ordinates, so that one of the axes may be

parallel to one of the proposed sides.

If, then, l^, 4, 4, l^ be the lengths, and 6^, 6 ^, ^3, 6^ the bearings of the four

sides taken in order, we must have

—

1, sin ^1 + ^2 ^^^ ^2 + ^3 sin ^3 + ^4 sin ^4=
Ij^ cos 6j^ + Zj cos $2 + Z3 cos ^3 + l^ cos ^^=

in which, if we put the appropriate rational fractions for the sines and cosines,

we shall form two indeterminate equations, involving four unknown quantities.

By placing one of the axes of co-ordinates parallel to (say) the fourth side,

we cause the equations to take the form

—

Zj sin 0j + l^ sin 0^ + l^ sin 6^= l^

Zj cos 6^ + Zg cos B^ + /g cos ^3=

in which we have only to consider the latter.

As an example, let it be proposed to construct a tetragon ABCD, such that

AB may have about the direction 22"^, BC about 74°, CD about 168°, and DA
270°. The muarif angles corresponding to these directions are,—

22 . . 37 . . 11 13 12 5

73 . . 44 . . 23 25 7 24

167 . . 19 . . 21 41 -40 9

270 . . 00 . . 00 1 -1

and thus if 13a, 25b, 41c, and d be assumed as the four sides, we must have,

—

12a + 76-40c=0; 5a + 2Ab + 9c=d

in which, if the values of a, b, c, be obtained in integers, that of d must also be

integer, so that we have only to consider the indeterminate equation 12a -f- 7^—

40c= ; this may be put under the form,

—

12a + 76

that is to say, we have to obtain such values of a and b as may make 12 a + 7b

divisible by 40. The lowest solution of this indeterminate problem is a= l,

J= 4, c=l ; whence the sides are 13, 100, 41, 110.

By an extension of the same process we may obtain polygons of any number

of sides, having all their sides and ordinates commensurable. The area of such

a polygon is also commensurable with the square of the linear unit ; but it does

not follow that the diagonals drawn from one corner to another are rational.
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Section 4.

—

On Trigonal Areas.

40. The only regular figures which can be used to cover surface are the

trigon, the tetragon, and the hexagon ; and any one of these may be used in the

measurement of surface. Thus we may as well say, that the area of a figure is

so many trigonal inches, as that it is so many square inches. If we were accus-

tomed to it, the one mode of expression would be as intelligible as the other ; and

by confining om'selves to the rectangular or tessular method of denoting areas,

we may fail to discover all the relations of geometrical magnitudes ; or even to

apprehend the cause of the superior convenience of the actual system.

Since the regular hexagon contains exactly six regular trigons, there is no

need for considering the trigonal and hexagonal systems separately ; it will be

enough for us to assume the surface of the equilateral trigon, constructed on the

linear unit as the unit of surface. For the sake of brevity, we shall use the

expression trigonal area^ as an equivalent for the area measured in equilateral

trigons constructed on the linear unit.

41. If one angle of a trigon be 60° or 120°, that is ^tt or l^r, its trigonal area

is expressed by the product of the numbers representing the containing sides.

42. The trigonal area of any equilateral trigon is represented by the second

power of the number of units in its side.

The truth of these two theorems is apparent; theyare merelyquoted for reference.

43. If a trigon have one angle 120°, the equilateral trigon, constructed on the

subtense, is equivalent to the sum of the equilateral trigons, constructed on the

two containing sides, together with the original trigon.

If the angle ACB be the third part of a revolution, the equilateral trigon

ADB, constructed on the subtense AB,

is equivalent to AEC and CFB, con-

structed on the containing sides AC,

CB, together with the trigon ACB.

For ACF and ECB are straight

lines; join DC. Then it is easy to

show that the trigon DAC is equal to

BAE, and DBC to ABF, wherefore

the tetragon DACB is equivalent to

the pentagon AECFB, togetherwith the

trigon ACB. That is, the trigon ABD
is equivalent to the pentagon AECFB.

If a, h, c denote the three sides of

such a trigon, c being the subtense of

120°, we have,—

a2+afc + 52 = c^

VOL. III. PART III. 9 M
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This well-known theorem is easily deduced from the tetragonal system of

areas, and is usually given in this form,— "the square of the subtense of 120''

is equivalent to the squares of the containing sides, together with their rectangle
;"

but it is more consistent to put it in the above form ; and we must observe,

that c^ (the second power of the number a) does not represent the square of the

side BC, but the equilateral trigon on BC.

44. The equilateral trigon on the subtense of 60° is less than the sum of those

on the containing sides by the area of the trigon.

The proof of this assertion is as easily obtained as that of the preceding. If

«, J, c be the three sides of such a trigon, c being the subtense of 60° we have,

—

45. Every number which is of the form c^-\-ah-\-V may, unless a be equal to

h, be put in two ways under the form A^—AB + B^.

This arithmetical proposition may also be stated thus,— " every number

which is the quotient of the difference of two cubes by the difference of their

roots, is also in two ways, the quotient of the sum of two cubes by the sum of

their roots."

The preceding diagram at once illustrates the truth of this assertion, for AB,

which is the subtense of 120°, with the containing sides AE, CB, is the subtense

of 60°, with AE, EB, and also with AF, FB, for containing sides. Or, alge-

braically,

a^ + a& + y^{a + hf - (a + h)h + Z>2

= (a + Vf — (a + &)a + a^ •

otherwise

6^_(a + 6)^ + 53_(a + &)^ + a^

a — h (a + b) + b (a + b) + a

Hence the solution of the equation

a^ + ab + b^=c^

in integer numbers includes that of two others of the form

a- —ab-^b^— c'^

46. If any two of the three sides a, b, c, of a trigon of 120° have a common
divisor, the third has the same divisor.

This is clear. Hence we need only consider those cases in which all the three

are prime to each other.

47. If of the trigon a, b, c, having an angle of 120°, the subtense c have a

common divisor with the sum of the two sides, the sides themselves have that

divisor.
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For if AB and AF have a common divisor, FB must have the same divisor.

48. The product of two numbers each of the form o^ + ab + ¥ may be put, in

two ways, in the same form.

This theorem (as is also the corresponding one of squares) is only a case of a

more general theorem ; instead of repeating the arithmetical proof which is to be

found in treatises on the Theory of Numbers, I shall give its geometrical illus-

tration.

Let there be two numbers P and Q, such that lc'= a^ + ab + b'^, while

Q=:a'^ + a(3+ ^'^, in which we may suppose b^^a, jS^^a^ and also the quotient

- to be greater than - . a^ ^ r—

^

r

"
^^^^^^^r~^~ \-- \ \ \

From the point ^"^^-^^T"^--^^^ \ " \'\— \w
A in any indefinite ^~"^ ^~'~^--.-,,_^^^ \ \ // \
straight line, measure ^ ^~~~"----^ ^""^^'^A^e^-'-'x^ \ .>

offAC equal to 5,make ^"^~-~-...„^h\
^

the angle ACB one- ^^o
third of a revolution,

and CB equal to a linear units. Join AB, then the second power of the number

of units in AB is equal to a^ + ab + &^ that is AB^ = P. Also, since AC is greater

than CB, the angle CAB is less than 30°. In AB make A7 equal to /?, the angle

A7/3, 120°, and cut off y(3 equal to a, join A/3. Then A^' = a' + a^ + 8'= q. Also

since the ratio A7 : yfS is more unequal than that of AC : CB, the angle 7A/3 is

less than CAB. And this disposition of the parts can always be made, unless

the two ratios be identic. The angle CA,5 is thus less than 60°.

From the line A/B continued, cut off a distance AD to represent the product of

the roots a/P and \/Q, so that AD^ may represent the product P . Q : draw DGr

parallel to BC, and we shall have P . Q= AD'= DG- + DC-GA -f- GA' ; therefore the

product P . Q will be decomposed as asserted, provided we can show that DG and

GA are expressed by integer numbers.

Draw DE parallel to (3y, EF parallel to BC, EI parallel to FG, and having

cut off IH equal to IE, join EH. EIH is evidently an equilateral trigon, while

HDE is similar to CAB.

From the similarity of the trigons, we obtain the six proportions following,

with their results :

—

A/3 : iS7 : : AD : DE or v^Q : a : : \/p7Q : DE=av/P

A|8: A7: : AD: AE VQ : /? : : \/PVQ : AE=/3v/P

AB : BC : : AE : EF >JF : a : : (Ss/F : E¥=a(3

AB : AC: : AE : AF sfP : b : : (3^F : AF= &/3

AB : BC : : DE : EH ^P : a : : aVF : EK=aa
AB : AC : : DE : DH VF : b : : aVF : DH- ha .
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But

wherefore

and

DG=DH+HE+EF ; AG=AF-EH,

DG= ba + aa + aj3 ; AG=b^—aa,

P. Q=(&a + aa + a/5)2 +(&a + aa + a/3) {b3— aa)-\-{h(B— aaf.

Again ; make the angle EAD' equal to EAD, AD' equal to AD ; join ED', draw

G'D'I' parallel to GD, EI' parallel to FG' and D'H' to EH ; then it is easy to show

that D'l'H' is equilateral, and that ED'H' is equal to EDH.

Now
D'G'=EF-D'H' , AG'=AF + EH + HD,

wherefore

and

D'G'=a/3— &a ; AG'= 6/3 + aa + ia,

P . (^={a^ — haf + {a^—ba) {b(3 *- aa + ba) + (b^ + aa + baf ,

thus giving a second decomposition of PQ.

By interchanging a for b and a for /5, in the above expressions, we obtain

other two, viz.,

—

P.Q=(Z>a-a/3/ + (6a-o/3) (b(3 + al3 + aa) + (b/S-^ a[3 + aay
T .q={aa-b(3f + (aa-bl3) (ba + a(3 + bl3) + (ba + al3+b(3y .

and at first we might suppose that there are four decompositions : but if we take

notice that if ha—a^ be positive in the one it is negative in the other, so that two

of the four must belong to the form A-—AB + B'.

If we regard the trigon ABC as analogous to the right-angled trigon of the

previous part, we may, taking AB as the unit or radius, consider BC as coming

in place of the sine, AC in place of the cosine ; and, for the moment, we may call

the former the opposite, the latter the adjacent of the angle: that is v/e may

define

-T-p as the opposite of CAB

AC
-T-j3 as the adjacent of CAB

;

and then we form four theorems for the functions of the sum and difference of

two angles, analogous to the fundamental theorems of trigonometry. These are,

putting and ^ for the angles BAC, /3A7,

opp. (0+^}=opp. (p. adj. ^ + adj. <p. opp. ^ + opp. <p opp. 6

adj. (0 + 0)= adj. (p. adj. — opp. (p. opp. 6

opp. (0 — 0)= opp. (p. adj. 0— adj. (p. opp. 6

adj. ((/) — ^)= adj. (p. adj. ^ + opp. (p. opp. ^ + adj. (p. opp. 6.

in which it is to be remarked that we cannot pass from the function of <p + d, to
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the corresponding function of (p—6hjSL change of sign, as we can in orthogonal

trigonometry.

49. If a number be of the form a'^ + ab + b'\ its square is of the same form.

In order to decompose P"^ into A^ + AB + B'^, we have only to suppose that

a, 8 of the preceding article are equal to a and b ; whence,

P2 =(a2-&2)2 + (^2_52) (2aZ> + a2) + (2a& + «2)2

= (62_a2) +(62_^2-) (2a6 + 62) + (2a& + 62-)2

only one of which belongs to the prescribed form, the other belonging to

A2-AB4-B^
50. The number 3 is of the form 1^ + 1.1 + ^1, it is the only number of that

form whose square cannot be put in the same form.

If we make, in the preceding formulae, a = 1, 5= 1, we obtain

9=02+0-3 + 32

9=02-0-3 + 32

Our previous demonstration proceeded on the assumption that a and b are prime

to and different from each other.

In the present case the trigon is collapsed into a line, while the conjugate

trigons take the forms 0, 3, 3, and 3, 3, 3, the one being a line and the other an

equilateral trigon.

51. When the number P= a^ + «J + 5^ is multiplied by 3, we have, on substi-

tuting 1 and 1 for a, /5 of No. 48,

3P=(2a + &)2+(2a + 5) (6-a) + (6-a)2

of which the two conjugate forms are

3P=(a + 2&)2-(a + 2&) (&-a) + (6-a)2

3P=:(a + 2&)2-(a + 26) (2a+ 6) + (2a+ 6)2

52. When the sides of a trigon having one angle 120° are in their lowest

terms, the subtense cannot be a multiple of 3.

If the subtense were divisible by 3, the sides must necessarily be of the forms

3w =t 1 ; these admit of three distinct classes of combinations. First, a and b may
be both of the form 3?^^- 1 ; secondly, they may be one of the form 3/i-f- 1, the

other of the form 3w— 1 ; and thirdly, they may be both of the form 3w— 1.

In the first case, if we put «= 3a + 1, J= 3/5+ 1, we have,

9(a2 + a/5 + |S2) + 9(a + /3) + 3=c2

now, no square can be divisible by 3 without being also divisible by 9, therefore

this combination is impossible.

The same argument applies to the third case, for if a= 3a— 1, 6= 3j5— 1, we
have,

9(a2+a/3 + /52)_9(a+/3) + 3=c2.

In the second case, if we put a= 3a + l, J= 3/3—1, the sum of a and b is

VOL. XXIII. PART III. 9 N
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divisible by 3, and therefore the subtense AB and the side AF being both divi-

sible by 3, the other side BF must also be so, and consequently the trigon could

not have been in its lowest terms.

53. The subtense of 120°, in its lowest terms, cannot be even.

For if both a and h were odd, we might put a= 2a + 1, &= 2/5+ 1 which give

which is inconsistent with c being even.

54. If one of the sides of 120° be even, it must be divisible by 4.

For if we put a — la, b=2f3+l, we have 4 (a" + a/3-|-/3-) + 2a + 4/3+l = c^

;

now, in all cases of c being odd, c'— 1 is divisible by 4, wherefore 2a, that is a,

must be divisible by 4.

55. The subtense of 120°, in its lowest terms, cannot be a multiple ofJive.

For if c were divisible by 5, the side a must belong to some of the forms

5a ± I, 5a ± 2, while b must also be of some one of these forms. Now if we con-

join the supposition that a= 5a + l, with each of the four b= 5^+l, b= 5(3 + 2,

Z)= 5/3 -I- 3, ft= 5/3 + 4, we find that the sum a^ + ab + b'^ is of the form 5w + 3 in the

first and third case, and 5n + 2 in tlie second case, neither of which is a possible

form for a square number; but in the fourth case we find c^ ^i?=i 57z+ 1, which is

possible; but then a being 5a + 1, and b, 5/3 + 4, their sum is divisible by 5, so

that (No. 49) the trigon cannot have been in its lowest terms. Next, combining

the form a= 5a-|-2, with b= o[3+2, 5jS + 3, 5/3+4, we find that the first and last

give the forms 5^ + 2 and 5w + 3, which are impossible, while the intermediate

case gives the possible form 5/^—1, but then as a = 5a + 2, J= 5/3 + 3, a + b would

be a multiple of 5. Combining now the form 'a= 5a + S, with J= 5/3 + 3, and

Z*= 5/3 + 4, we find the forms 5n + 2, while lastly, combining 5a + 4, with 5/3 + 4,

we obtain the form 5w + 3, which is impossible for a square number.

Hence in no combination of numbers for a and b not divisible by 5, can we

obtain a form possibly a square, for a^ + ab+ b'^.

56. If a and b be two numbers prime to each other, a^ + ab + b^ is either

divisible by 3 or of the form 6n+l.

In reference to the divisor 6, all numbers leave the remainders 0, 1, 2, 3, 4, 5,

and the only possible combinations of two of these, not giving numbers having

2 or 3 for a common division are,—

a=6a + 0, 6=6/3 + 1 P 5^, 6?i + l

6=6/3 + 5 P ^^ 6n+l
a=6a + 2, 6=6jS + l P ^. 6» + l

b=z6(3 + S P v« 6n + l

6=6/3 + 5 P ^ 6n + 3

a=6a + 4, 6=6^+1 P ^ 6?i + 3

6=6^ + 3 P ^ Sn+l
b=6(3 + 5 P 5fej 6n+l
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a=6a + l,b= 6/3 + l P -^^ 6» + 3

6=6/5 + 3 P.d?H6w+l

6=6/3 + 5 V-^Qn + l

a=6a + 3, 6=6^5 + 5 F -isP- 6n + l

57. The subtense of 120°, when the three sides are in the lowest terms, is of

the form 6n+l.

For, according to the preceding theorem, every number P is of one of the two

forms 6n+l, 6n + 3 ; now it cannot be of the form 6n + S when the three sides

are prime to each other ; wherefore, the subtense must always be of the form

6n+l.

58. If a prime number a divide any number P of the form a^ + ab + b^, a and

b, being prime to each other, another number of the same form, but less than a%

may be found also divisible by a.

If a and b be greater than a, we may put them under the forms a=na± c,

b— taz^d, in which c and d are each less than the half of a. Inserting these

values in the equation,
P=a2+a6 + &2

we find,

—

P= w2a2 ±29^ca + c2+?^m2 :±itcaz^ndar±zcd-\-t'^a'^ T±z2tda + d'^

wherefore, if P be divisible by a, c^ z^cd+d"^ must also be divisible by it; now
c^ ±cd+d'' ^ |a^

59. If a and b be prime to each other, no prime number of the form Qn—\
can be a divisor of a^ -\-ab-\-h— P.

For if some prime number a divide P, we may find some other c^ \-cd+ d'^,

less than fa^, which is divisible by a. Now, we have shown that c^ ^-cd^d"^ is

either divisible by 3 or of the form 6w + 1 ; if it be divisible by 3, its third part is

also of the same form, so that eventually we arrive at a number of the form

Qn+1. But no number of this form can be divided by a 'isp^Qn—Y unless the

quotient be of the form Qn—l ; hence if c^ + cd+d^ ts?>. «, the quotient /3 less than

fa must be of the same form. By proceeding in the same way, we can show

that some other number 7, less than |/3, must be a divisor of some number of

the form e^ + ef-vf- ; and so we can continue. By this process we must at last

arrive at the number 5, the least of this class : now, we have shown that 5

cannot be a divisor; wherefore no number of the form 6w— 1 can divide the

subtense of 120°.

60. The subtense of 120°, when the numbers are in their lowest terms, can

only be a prime number of the form 6w + 1, or the product of two or more of

' such primes.

This follows immediately from the preceding theorem. Hence, in order to

tabulate trigons of this kind, we must decompose the primes 7, 13, 19, &c.,

into three parts, a^ ab^ b'^. Having found, for example, that 7=1 + 2 + 4, we
obtain 7^ = 3^ + 3.5 + 5^ from the formula given in article 49.
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In the appendix there is given a list of all primes of the form 6n+l, under

1000, with their decompositions, and the resulting trigons, as also the values of

the lesser angles.

Thus there are muarif angles belonging to the trigonal system of measure-

ment, analogous to those which we have already seen to belong to the tetragonal

system : to distinguish them from those formerly treated of we shall call them

trigonal muarif angles, while the others might have been styled tetragonal

muarif angles.

61. If two angles be both muarif of the same system, their sum and their

difierence are so ; a right angle being regarded as muarif in the tetragonal and an

angle of 60° as muarif in the trigonal system.

This has already been shown to be true for the tetragonal system ; the proof

for angles of the trigonal system is of the same nature.

62. If a trigon be constructed with two of its angles muarif of the trigonal

system, its sides are commensurable with each other, and its area with the equi-

lateral trigons constructed on the sides.

The proof of this is analogous to that already given for the other system.

63. If at the two extremities of a line taken as a base, an}'^ number of trigonal

muarif angles be made, their sides, continued indefinitely, cut each other into

segments commensurable with the base, and intercept areas which are commen-

surable with the equilateral trigon described on the base.

This is merely an extension of the preceding proposition.

64 If at any of the points of intersection of the preceding figure, other tri-

gonal muarif angles be made ; the distances intercepted by these new lines are

commensurable with the base and the intercepted surfaces with the equilateral

trigon on the base.

65. If at the point of contact of a straight line with a circle, trigonal muarif

angles be made ; if the extremities of the chords so formed be joined, and if tan-

gents be applied at the extremities of those chords, all the intercepted distances

are commensurable with the side of the inscribed equilateral trigon, and all the

areas with the area of that trigon.

QQ. To construct a trigonal muarif angle

which may approximate to any given angle.

Let it be proposed to compute, in integers,

-^ the sides of a trigon which shall have one

of its angles equal to a given angle BAG, and

another either 120° or 60°.

If the given angle BAG exceed 60°, it

is impossible to have either of the remaining angles 120° ; we shall therefore

deduct 60^ or if need be, 120° from BAG, thus leaving ^>AG less than 60°.

Having bisected 6AG by the line AD, draw EF, making x\EF = 120° ; and deter-

b^
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mine, by the method of continued fractions, or by any other process, two

numbers, a and /3, which may represent with sufficient nearness the ratio

FE : EA ; and then compute a, b, c, the sides of a rational trigon having one

angle 120° by the formulae,

—

then the angle of this trigon opposite to a is double of not the angle DAC, but an

angle sufficiently near to DAC, wherefore that angle is nearly equal to ^AC.

This is the general process, analogous to that given for the tetragonal system ;

but in special cases we may use peculiar methods.

Example 1.

67. To construct a rational trigon having one angle 12(f , and of which the

containing sides may differ by unit. That is, in other words, to construct a tri-

gonal muarif angle approximating to 80°.

If c, h, «, be the sides of such a trigon, and if b= a+\, we have c'^= 3«- + 3«

+ 1, that is to say, c- = 3 {a + ^y + \; or multiplying by 4.

(2c)2= 3 (2a + 1)2 + 1,

and therefore 2c and 2a + 1 must be the numerator and denominator of a fraction

converging to a/3. Now, we have for a/3,—

7i K7>. &C.

1; 1, 2; 1, 2; 1, 2; 1, 2;112 5 7 19 26 71 97

10 113 4 15 15 41 56

of which the alternate terms,

—

_4 _4 _4 _4 -4 -4 -4

1 2 7 26 97 362 1351 5042
0' 1' 4' 15' 56' 209' 780' 2911'

&c.

satisfy the equation p^— ^(f -I- 1 . These may be formed by means of the multi-

plier — 4. Of these again, the alternate terms have their numerators even, viz. :
—

_14 _14 -14 -14

^ 26 362 5042 70226
-1' 15' 209' 2911' 20545

, &c.

and of these, if we put the numerator equal to 2c, and the denominator to 2^>— 1,

or to 2« + 1, we find the cases,

—

c=l, 13, 181, 2521, &c.

6 = 1, 8, 105, 1456, &c.

a= 0, 7, 104, 1455, &c.

and it may be remarked, that this progression of fractions may be continued by

help of the multiplier —14.

VOL. XXIII. PART III. 9
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The intermediate fractions which have their numerators odd, give trigons of

which the sides differ by 2, thus,

—

c= 7, 97, 1351, 18817, &c.

b = 5, 57, 781, 10865, &c.

a=3, 55, 779, 10864, &c.

Example 2.

68. To construct in integers a trigon having one angle 120° and another

nearly 45°.

In this case the angle FAE is 21-|^°, while AFE is 37^°, wherefore the ratio

of |S to a is identic with that of sin 37° 30' t6 sin 22° 30', that is, of -6087614 to

•3826834. On approximating to this ratio by the method of continued fractions,

we obtain the quotients 1, 1, 1, 2, 3, 1, 14, &c., whence the values,

—

1 1 1 2 3 1oil 2 3 8 27 35

10 1 1 2 5 17 22'
^

and thence the trigons,

—

c= 7, 19, 43, 1477, 2479, &c.

b= 5, 16, 35, 1207, 2024, &c.

a= 3. 5, 13, 440, 741, &c.

69. In a given circle to inscribe a polygon of which all the sides and diagonals

may be commensurable with the side of the inscribed equilateral trigon, while

the polygon may approximate to a given inscribed polygon.

The solution of this problem is analogous to that of the corresponding problem

of the tetragonal system.

Section 5.

—

On Muarif Angles in General.

70. In the first branch of our inquiry we treated oftrigons having one angle right,

in the second branch we extended our researches to trigons having angles of 60^

or 120°, and in either case we arrived at general theorems analogous to each other.

I proceed now to consider whether there may be other classes of muarif angles

possessing the same generic properties.

If in the figure of article 48 we suppose that the exterior angle EFG' is de-

scribed by e, we have AB^ = a^ + 2«2J cos 6 + h'^ = V, and similarly, A/3^ = a^ + 20^5

cos ^ + /3^ = Q, and all the equalities given on page 739 hold good, with the ex-

ception of HI, which, instead of being represented by aa, is now represented by

2aa cos 6^ and HT, which becomes 2ha cos ^, and we obtain

AD2 = P.Q= (62 + 2ah cos 6 + a?) (f3^ +2a(3 cos 6 + a'-)

DG = aj8 + ba + 2aa cos 6

AG =h(3 — aa.
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If in this we suppose « = a, J= /3, we obtain

A'D=G= f3^+2a^ eosS + a^

GD=A=2a (13+ a cos 6),

Wherefore, if in a trigon A7/3, the two sides /3, a, be denoted by integers,

while the cosine of the angle A7/3 is rational, the three sides of the trigon AGD
having an angle GAD double of 7A/3, will be commensurable.

The subject may be presented in another light, thus

—

Let the cosine of the angle 6 be denoted by the rational fraction -, then c, h, a,

being the sides of any trigon having 180°—^ for the angle opposite c, we have

V

2s §2 ^2 _ g2
= b'^ + —ah+ -g-x^ + —To

—

a^
t V r

= {h+-^a?
f-s"

or,

whence
(tc + tb + so) {tc — ib— so)= {t + s){t— s) OD^y"^,

if we put ocy (either of which may be unit) for a. Decomposing the latter

member into factors prime to each other, we may put

tc + tb + sa =(t + s)o(P

tc,— ih— sn,

which give
tc— tb— sa ={i--s)2/^

C=2tc=(t + s)x^ + {t-s)y^;

B= 2tb=(t + s)a;^ —2sxy -(t-s)y^;

A = 2ta= 2txy;

in which a; and p may be any two numbers whatever ; it is needless, however, to

assume them with a common divisor.

When the three sides BC, CA, AB, of a trigon, having the angle ACB equal
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to the supplement of d, have been determined in integers, the angles BAG, CBA
may be said to be muarif of the system 6, and for the present we may call 6 the

determining angle of the system.

71. Every rational sided obtuse-angled trigon is accompanied by two acute-

angled trigons having their sides also rational and their areas commensurable.

For let ABC be an obtuse angle, and let the three lines BC, CA, AB, be ex-

pressed by three integer numbers, a, b, c.

From A to the extension of BC, and

from B to the extension of AC, inflect

AE, BF, each equal to AB : then since

BA^-AC^ = BC.CE, CE is represented

by the quotient
a
y.2

while CF is re-

both of which arepresented by —

r

rational. If EG be cut off equal to BC,

and FE equal to AC, it is evident that the

angles CAG, HBC, are each double of the complement of FCB or 6 ; wherefore the

sides of ACE are a + 2b cos 6, b, c, while those of BCF are a, b + 2a cos 6, C.

The areas ACB, ACE, BCF, are proportional to the rectangles AC, CB, AC, CE,

BC, CF, and must be commensurable since the containing sides are so.

72. If each of two angles be muarif of the same system 6, their sum and

difference are also muarif of that system.

Let (figure, page 747) CAB, 7A^, be two angles muarif of the system 0= 180—

ACB = 180°—A7/3, and let a, b, c; a,^,y, be the integer numbers which represent

the sides of the two trigons ; make AD equal to C7 units, and complete the con-

struction as in article 48, only observing to draw EH making EHG equal to 6,

and D'H' making D'H'I' equal to 0, then we easily obtain the values DE = D'E'=

Ca, AE = C/3, EF = ff/3, AF= 5/3, EH = «a, J)B = ba, D'H'= Ja as before, while HI
= 2aa cos 6, WY = 2ba cos 0, whence

AD= c7

AG=Z)/5— aa

DG=cr/3-f-&a + 2aa cos 6

AD'=c7
AG' =h(3 + aa + 2ba cos 6

'D'G'= a(3-ba,

which values are all rational when cos 6 is so, but are only integers when cos 6

= 0, or when 2 cos 6 is integer.

73. If two angles of a trigon be both muarif of the system 6, its sides are

commensurable, and its area is commensurable with that of a rhombus on the

linear unit, having an angle equal to 6.

The truth of this theorem is obvious.

74. If at the extremities of any line assumed as a base muarif angles of the

system 6 be made, and the sides of these be indefinitely produced, all the inter-
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cepted distances are commensurable with the base, and all the areas with the

rhombus constructed on the base with the angle 0.

75. If at any of the intersections of the preceding article muarif angles of the

same system be made, the segment and areas so intercepted are all commensurable.

76. If at the point of contact of a straight line with a circle any number of

muarif angles of the system 6 be made, all the lines joining the extremities of the

chords so formed, and all the tangents there applied continued indefinitely,

intercept segments and areas which are commensurable with each other.

77. If one muarif angle of the system 6 be equal to an angle of the system 0,

the two systems are identic.

Hence it follows that the determination of a system by the angle is not quite

appropriate ; that is to say, the angle 6, no more than the angle (p, can be re-

garded as the modulus or mastar of the system.

78. The numerical expressions for the sines of all muarif angles of the same

system involve the same irreducible surd. Or,

The numerical expressions for the areas of all muarif figures of the same

system, when expressed in squares of the linear unit, involve the same irreducible

surd. Let — and ^p be the expressions for the cosines of two angles 6 and ©, then

have we

sin 6 = ^-^ '-, sin © = ^-^
,

V V

and

cos{e + &)=:^~^ ^-j^ ^;

now if the two angles and © be both muarif of one system, their sum + @

must also be so ; that is to say, the cosine of ^+ © must be rational, and for this

it is necessary that the product of

V{tP-s^) by \/(T2-S2;

be also rational, and this can only be when f—s'-' and T^— S'-^ involve the same

unsquare factors.

Since the area of any trigon expressed in squares of the linear unit is half the

product of the two containing sides multiplied by the sine of the included angle,

the same irreducible surd must enter into the expression for the area.

79. All muarif angles of which the sines involve the same irreducible surd,

belong to the same system.

Let Q and <p be two muarif angles, of which the sines are respectively

sin Q=-.\/m and sin (p—^s/m, m being a number which has no square divisor;

then, if the angles be muarif of any systems, their cohines must be rational.

Now
' cos (0 + <^)= cos 6 . COS — sin Q . sin ^

= cos Q . cos (b — -^m

VOL. XXIII. PART III. 9 P
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which is rational, wherefore the sum of the two angles is muarif, and thus they

must belong to the same system.

80. The irreducible surd which enters into the expression for the sines of the

angles of one system, may be called the modulus or mastar of that system ; we
shall generally denote it by the symbol \/»z.

81. Having given the modulus of a system, to find general expressions for the

sines and cosines of all the angles belonging to it.

Let \/m be the sine of any angle (/), then the expression for the cosine of that

angle is,-

cos

and in order that d may be a muarif angle, it is necessary that its cosine be

rational, or that/'^—?w^^ be a square number.
^
We may then put/"— w?€^=/)^, or

f'—f^ — me'. Now, whether e be prime or composite, we may always put e=xy,

when we do not exclude unit from the values of x and y; and similarly we may

put m= /uv with the same generalisation ; our equation of condition then becomes,

wherefore in general,

and

so that

and also,

f+p=ixx^, f-p= vy\

f= 1 (fxx- + vy-')
; p= i (/^«2_ j,^2)

IJix^ + vy

2wy\/ixv _^

/ua?^ + vy^

\xvx'^—y'^_
o „= sin^;

2fxux^+y [xvx^^-y^
cos e.

are the expressions for the sines and cosines of all muarif angles of the system

\/]jy, X and y being susceptible of all integer values including unit.

It is obvious, that in assuming values for x and y, we may reject those

couples which have a common divisor.

82. The sines and cosines of the sum and difference of two muarif angles,

determined by the above formulae, belong to the same forms.

Let

cos 0:COS e^l^l-'yl COS 0=/i4i:i^;,

_ 2 X yVfJiV
Sin 6-

ixx^ + vy^

2xy\/jxu

fJLx'^ + vy'^'

sin ©

then
cos (6^ &)J-f'-^ ^ -i^yyf-fxu(xy + y x f

(fxx X — vyyy + fJLu (0.7 + 3/ X

)

• //3 ^N 2 'li« X — uyy) (xy + v x.) /
—

sm (0 + 0:= , J^
v2

'^\'—^—S2 "VfJiU
(ux X - vvyY + uiv (xy + yxY ^
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which can be brought into the preceding forms by multiplying each member of

the fractions by ^ or by v.

83. The tetragonal system has for its modulus the symbol Vi.

84. The modulus of the trigonal system is a/3.

85. If a trigon be constructed, having one angle muarif of one system, and

another muarif of another system, its sides are incommensurable.

For if
(f)
and 6 be two muarif angles, the one involving the surd VJi and the

other the surd \/v , the sine of (p + would involve the product VJIu, but then the

cosine would involve the two surds Vf^, Vi^ separately, wherefore the side inter-

mediate between (p and would be incommensurable with either of the other two.

86. Having given the three integers which represent the sides of a rational

sided trigon, to find the modulus of the muarif system to which its angles belong.

Let a, b, c, be the three sides, then, the area of the trigon being s, we have,

4 S= V{(« + & + c) (— a + b + c) (a—b + c) (a+b— c)}

wherefore, if we decompose each of the four numbers a+ b + c, —a + b + c, a— b + c,

a + b — c, into its prime factors, and reject all those factors which occur twice,

the square root of the product of the remaining factors is the required modulus.

Thus we have the following cases :

—

a b c Modulus. a b c Modulus.

2 3 4 J15 9 10 11 x/2

3 4 6 Jl
4 5 6 V7 3 5 7 V3
5 6 7 V6 5 7 9 x/ll

6 7 8 J15 7 9 11 J195
7 8 9 V5 9 11 13 V35, &c.

87. If m be prime, for every pair of values of cc and z/, we have two angles,

according as we combine m with ^^ or with t/'^ ; bat if w be composite, then for

every way in which m can^be represented as a product fxu, we have two angles.

Section 6.

—

Miscellaneous Propositions.

88. To construct a trigon, such that the three sides and the line bisecting one

of the angles may be all commensurable.

Let the angle BAG of the trigon BAG be bisected by the line AD; it is

required to determine the dimensions, so that

all the lines be represented by integer numbers.

From the principles of geometry we know
that BA : AG : : BD : DG, while the square of

AD is the difference between the two rectangles

BA.AG and BD.DG. If we denote the ratio of

BA to AG hj p : q, p and q being prime to each -^-^

other, we may put BA= a;p, AG = a;q; BD=^j9, and 'DG = 7/q, whence BA.AG
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— x^pq and BD.DC = e/^^^^, so that AD^ = (i»^— ?/^) pq\ thus it seems that the

product (cc+p) {pc—y)pq must be a square ; now j9 and q are prime to each other,

Avherefore they must be found as factors in the product {x+p) (x—t/), the

remaining factors being in couples. Hence the following cases are possible,

—

Isl

2d.

3d.

4th. a! + y=a-qc

oc + y= a^cpq;

x-^y— o^c ;

x+y^^a^pc ;

x—y—h^G
x—y= 'b'^qc

x— y= h'^qc

x—y— lr'pc

in all of which the eifect of

the c is only to augment the

numbers.

Hence the solutions,

—

1. 2x=a^pq + h'^ ;

2x= a'^ + h'^pq
;

2x--

2x--

-a'^p + b^q ;

-a^q + b^p;

2y—a^pq-h-\

2y= a^-b'^pq;

2y= ar'p—b-q;

2y=a~q— b'^p :

which give

-QG= {a^-b''pq){p + q);

BG= {a^p-b^q)(p + q);

BC= (a^q-b-'p)(j> + g);

CA= (<x^j35'+ b^)q
;

GA=(a^ + b'^pq)q;

CA= {a^p + g'^q)q
;

CA= {d^q + Pp)q ;

AB= (a^pq-\-b^)p ;

AB= {a'^ + b'^pq)p ;

AB= {a^p + b''q)p;

AB— {a^q + b^p)q

:

in which p, q, a, J, may be assumed at will, subject only to the restriction, that the

values of BC be not negative. These four solutions are complementary in pairs.

A much more elegant solution of the problem is obtained from the properties

of muarif angles. Since the trigons BAD, DAC have their sides commensurable,

and their angles BAD, DAC alike, they must belong to the same muarif system.

Wherefore, in anyone system assume BAD= DAC = and ADB = (^, then we

have sin ABD = sin ((^ + ^), sin ACD = sin {(p—^) so that all the ratios are

rational, since all the sines involve the same irreducible surd.

89. To construct a trigon, such that the three sides and the lines bisecting

two of the angles may be all commensurable.

To construct a trigon ABC, such that

its three sides and the lines AD, CF bi-

secting two of its angles may be all com-

mensurable.

In any system of muarif angles, as-

sume two, 6 and 0, ofwhich the sum may

be less than a right angle ; then having

•^ taken any base AC, make at A, CAD,

DAB, each equal to 6, and at C, ACF, FCB, each equal to ^, then all the lines

and all the areas in the figure are commensurable.

90. To construct a trigon of which the three sides and the three lines bisecting

the three angles may be all commensurable.
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The halves of the three angles of any trigon make together one right angle,

wherefore they can only be all muarif in

the system to which the right angle be-

longs ; and if two of them be muarif of

that system, the third must also be so.

Hence, if the two angles 6 and <p be

taken from the tetragonal system, and

the trigon ABC be constructed, having

BAG= 2^, ACB= 2(/), ABE, the half of

the third angle ABC, is also muarif, and

therefore the segments intercepted on

and by the six lines AB, BC, CA, AD,

BE, CF, are all commensurable.

Moreover, if we draw QAR, RBP,

PCQ, bisecting the supplemental angles,

and then draw perpendiculars from 0, P,

Q, R, to the three sides, all the distances

intercepted on those lines are also com-

mensurable ; hence, of such a trigon, the three sides, the three altitudes, the

radius of the circumscribed circle, the radii of the four circles of contact, the

distances of the centres of those four circles from each other, and from the corners

of the trigon, as well as all the segments of the lines bisecting the angles inter-

nally and externally, are commensurable, and may therefore be expressed in

integer numbers.

Example.

If we take BAG= 6= 36° 52', ACF= (/) = 22° 37', we have CBE= 30° 31'= 4,

3 4 5 12 33
and in 6=-^, cos ^=r, sin 4^ = to, cos </) = to'' whence sin -^l^^cos (^ + <^) = 66'

cos 4/= sin (<^ + ^)

• A 24 . ^,sm A = 25, sm G =

56
~65

120

; from which we obtain the sines of the whole angles, viz.,

3696
169' ^^^^"4225 The three sides must be proportional to

these sines, so that, when the common
divisors are taken out, weobtainAG= 154,

BA = 125, CB= 169.

91. To construct a trigon such that

the three sides and the two lines trisect-

I

ing one of the angles may be all com-

mensurable.

Having assumed an angle ^ muarif of

any system and less than 60°, make ACB equal to 3^, and then at A make any

VOL. XXIII. PART III. 9 Q
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angle 6 muarif of the same system, and less than the supplement of S(p, and

then the lines AC, CB, BA, CH, CI, are all commensurable.

92. To construct a trigon such that the three sides and the four lines tri-

secting two of the angles may be all commensurable.

Assume two angles 6 and (p, the sum
of which must be less than 60°, and make
CAB equal to 3d, ACB equal to Sep, then

all the lines AB, BC, CA, AD, AE, CH,
CI, and all the segments of those lines,

are commensurable.

93. To construct a trigon of which

A ^c the three sides and the six lines trisect-

ing the three angles may be all commensurable.

The third parts of the three angles A, B, C, make together 60°, wherefore if

these third parts be muarif of any system,

60° must belong to that system. Such

a figure, then, can onl}'^ belong to the

trigonal system of which the modulus

is VS.

Assume then from the trigonal sys-

tem two angles, 6 and cp, of which the

A o F ^c sum is less than 60°, then the defect of

their sum from 60° is also muarif of that system. Make BAC equal to 3^, ACB
equal to 30, and trisect the angles ; these angles are all muarif, and consequently

all the lines and all their segments are commensurable, while all the areas are

commensurable with equilateral trigon s constructed on any of the lines or parts.

94. It is impossible to construct a trigon such that its sides and also the lines

dividing its angles into more than three equal parts may be all commensurable.

If it were proposed to construct a trigon such that its sides and the lines

dividing each of two of its angles into n equal parts may be all commensurable,

we should only have to assume 6 and (p muarif angles of any system, but such

that n{6 + (p) may be less than 180° ; and then to make the angles at A and C

equal to nd and to n<p respectively. But the n'^' part of the remaining angle would

not be muarif, unless, in the system \/r, n were 2, or in the system \/3, n were 3

;

for no submultiple of 180°, excepting 90° and 60°, can be muarif of any system.

Here it is worthy of remark that the tetragonal and trigonal systems are

founded on the divisions of the whole revolution into 4 and into 6 equal parts

;

while 4 and 6 are the only two divisors which separate the prime numbers

greater than themselves into two groups ; those groups being, for 4, of the two

forms 4^-1-1 and 4w— 1 ; while for 6 they are classed as of the forms 6w-l- 1 and
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95. If a series of equal straight lines be drawn, making equal angles with

each other, the angle being the supplement of the double of a muarif angle of

any system, the distances of the extremities of the lines from each other are

commensurable with the lines.

Let the equal lines AB, BC, CD, DE, EF, &c., make equal angles ABC, BCD,

BDE, DEF, &c., such that the

supplement of ABC is double

of a muarif angle of any

system ; then all the diagonals

AC, AD, AE, AF ; BD, BE, BF,

&c., are commensurable with AB.

For the angle BAC being half the supplement of ABC is muarif; so is CDA
its double, DEA its triple, and so on ; wherefore, all the angles of the figure being

muarif, all the sides of the trigons are commensurable.

If the angles belong to the tetragonal system, the sides are also commensur-

able with the radii of the circles described, one through the points A, B, C, D, E,

F, and the other to touch the lines AB, BC, CD, &c. ; and also the co-ordinates

of the points referred to any system of rectangular axes making muarif angles

with any of the lines may be obtained rational.

96. To construct a trigon such that its three sides and the line joining the

middle of one side with the opposite corner may be all commensurable.

Having bisected the side AB of the

trigon ABC in F, and joined CF, we
have AC'-hCB^ = 2AF^^-2FC^ so that

the problem becomes this : to find two

square numbers whose sum is double

of the sum of other two square numbers.

Put BC = «, CA= 5, AF= y^, FC = /,

then

so that the sum of the squares of a and h is also the sum of the squares Qik^-l

and Ti—l; now we have seen that every number which can be divided into two
squares in more than one way is the product of two or more prime numbers of

the form 4w + l. Hence we have only to take any two or more prime numbers
a, ,5, 7, 5, of the form \.n + 1, and decompose their product into two squares in

two different ways, so as to obtain

and then we have k= \[^V^-q), l=^[p—q), or doubling all in order to avoid

fractions,
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BC=2A, CA=2&, AF=^+ g; ¥C=p-q.

It is evident that we may introduce powers of the primes «, /5, 7^ and decom-

pose such a product as a^ /3^ 7 8* into two squares in two different ways.

For example, if we take a= 5, /S= 13, we obtain 65 = 7^ + 4^ — 8'^ + V, whence

BC=8, CA=14, AF=FB= 9, FC=7.

If CF were produced to an equal distance, and the extremity of the produced

part joined with A and B, a rhomboid would be formed having its sides 8 and 14

with the diagonals 18 and 14 respectively; or, halving, the sides are 4 and 7,

with the diagonals 7 and 9. As 5 and 13 are the smallest primes of the class

4:71+ 1, we may infer that the above are the smallest dimensions of a rhomboid

having its sides and diagonals all integers.

The subject may be viewed in another light thus : let the cosine of the angle

st
at F be denoted by the fraction — , in which one or both of the factors of the

numerator may be 1 or zero ; while one of the factors of the denominator may be

unit ; then denoting AF by ^ and FC by / as before, we have

a'= k^'+2- kl+P= u^a;''+ 2st,v\+ v''X^
uv

uv

if we put
k= ux, l= v\.

Hence
a--b'^= (a+ b) {a-b)=4sta;\= isx . t\,

which is satisfied on making

a = 2sa;+ ^ (\; b= 2sx— J i\
which gives

so that we must have
MV+ ^^2^2= 4g2^2^ 1 ^2X2 .

or
(4s2-M2)^2^(y2_1^2')X2;

that is

{2s + u) . (2s-u) x^=v''\^-ie\\
whence

{2s-^u) + {2s-u)x'^=2v\=2l; 2ux=2k

{2s + u)-{2s-u)x^ = t\;

SO that ultimately, multiplying by 2 to remove fractions,

2a = A=4:sx + (2s + u)—{2s — u) x"^

2& = B=4s^-(2s+ M) + (2s-M)a;2

/ 2k^^= 2ux

2Z=L (2s + m) + (2s-m)«2

in which any values, positive or negative, may be assigned to s, m, and x.
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Bight-angled Trigons.

a /5 C h a A. a /? C b a A.

1 2 5 4 3
o

36 52 11-64 289 240 161. 33 51 18-11

2 3 13 12 5 22 37 11-51 2 17 293 285 68 13 25 10-81

1 4 17 15 8 28 04 20-94 305 273 136 26 28 51-75

25 24 7 16 15 36-74 305 224 207 42 44 28-48

2 5 29 21 '20 43 36 10-15 12 13 313 312 25 4 34 52-43

1 6 37 35 12 18 55 28-71 11 14 317 308 75 13 41 07-98

4 5 41 40 9 12 40 49-38 325 323 36 6 21 34-78

2 7 53 45 28 31 53 26-84 325 253 204 38 52 48-25

5 6 61 60 11 10 23 19-89 9 16 337 288 175 31 17 04-17

65 63 16 14 15 0012 5 18 349 299 180 31 02 53-59

65 56 33 30 30 36-85 8 17 353 272 225 39 35 51-90

3 8 73 55 48 41 06 43-51 365 364 27 4 14 31-90

85 84 13 8 47 50-69 365 357 76 12 01 04-84

85 77 36 25 03 27-42 7 18 373 275 252 42 30 03-65

5 8 89 80 39 25 59 21-23 377 352 135 20 58 58-63

4 9 97 72 65 42 04 30-11 377 345 152 23 46 38-34

1 10 101 99 20 11 25 16-27 10 17 389 340 189 29 04 08-08

3 10 109 91 60 33 23 54-57 6 19 397 325 228 35 03 0407
7 8 113 112 15 7 37 41-34 1 20 401 399 40 5 43 29-32

125 117 44 20 36 34-89 3 20 409 391 120 17 03 41-50

4 11 137 105 88 39 57 58-36 14 15 421 420 29 3 56 59-52

145 144 17 6 43 58-52 425 416 87 11 48 44-22

145 143 24 9 31 3822 425 304 297 44 19 57-68

7 10 149 140 51 20 00 57-46 12 17 433 408 145 19 33 53-33

6 11 157 132 85 32 46 44-69 445 437 84 10 52 50-40

169 120 119 44 45 37-00 445 396 203 27 08 27-12

2 13 173 165 52 17 29 32-38 7 20 449 351 280 38 34 48-32

9 10 181 180 19 6 01 32-07 4 21 457 425 168 21 34 06-95

185 176 57 17 56 42-92 10 19 461 380 261 34 28 58-50

185 153 104 34 12 19-64 481 480 31 3 41 42-80

7 12 193 168 95 29 29 13-65 481 360 319 41 32 40-24

1 14 197 195 28 8 10 16-44 485 483 44 5 12 18-45

205 187 84 24 11 22-25 485 476 93 11 03 18-28

205 156 133 40 27 58-98 493 475 132 15 31 49-20

221 220 21 5 27 09-44 493 468 155 18 19 28-91

221 171 140 39 18 27-54 505 456 217 25 26 55-36

2 15 229 221 60 15 11 21-44 505 377 336 41 42 32-10

8 13 233 208 105 26 47 06-00 6 22 509 459 220 25 36 30-71

4 15 241 209 120 29 51 46-19 11 20 521 440 279 32 22 42-29

1 16 257 255 32 7 09 09-60 533 525 92 9 56 22-13

265 264 23 4 58 44-78 533 435 308 35 18 00-89

265 247 96 21 14 21-51 10 21 541 420 341 39 04 23-91

10 13 269 260 69 14 51 46-15 545 544 33 3 28 17-07

9 14 277 252 115 24 31 46-36 545 613 184 19 43 53-80

5 16 281 231 160 34 42 28-99 14 19 557 532 165 17 13 52-67
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Right-angled Trigons-—continued

a /5 c h a A. a ^ C b a A.

565 493 276 29 14 30'30 845 836 123 8 22 11-40

565 403 396 44 29 5301 18 23 853 828 205 13 54 21-30

13 20 569 520 231 23 57 08-15

1 24 577 575 48 4 46 18-80 4 29 857 825 232 15 42 23-86

8 23 593 465 368 38 21 2883 865
865

816

703
287
504

19

35
22

38

39-26

16-00

5 24 601 551 240 23 32 11-67 6 29 877 805 348 23 22 43-45

17 18 613 612 35 3 16 23-35 16 25 881 800 369 24 45 41-46

16 19 617 608 105 9 47 53-46

625 527 336 32 31 13-48 901 899 60 3 49 05-90
!

629 621 100 9 08 52-23 901

905
780

777

451
464

30

30

02

50

12-19 !

39-56

629 460 429 43 00 10-33 905 663 616 42 53 43-70

4 25 641 609 200 18 10 5000 925 924 43 2 39 51-98

13 22 653 572 315 28 50 29-58

6 25 661 589 300 26 59 29-29 925 756 533 35 11 05-45

12 23 673 552 385 34 53 39-74 20 23 929 920 129 7 58 54-57

19 24 937 912 215 13 15 54-12

1 26 677 675 52 4 24 18-71 10 29 941 741 580 38 03 04-37

685 684 37 3 05 46-73 949 900 301 18 29 32-01

685 667 156 13 09 50-00

689 680 111 9 16 15-34 949 851 420 26 16 04-97

689 561 400 35 29 21-63 13 28 953
965

728
957

615

124
40

7

11

22

25-62

57-98

697 672 185 15 23 31-57 965 884 387 23 38 34-72

697 528 455 40 45 10-32 4 31 977 945 248 14 42 17-13

6 26 701 651 260 21 46 15-79

15 22 709 660 259 21 25 34-50 985 864 473 28 41 5519
725 644 333 27 20 33-40 985 697 696 44 57 31-90

6 31 997 925 372 21 54 29 24

725 627 364 30 08 1311 15 28 1009 840 559 33 38 3414
2 27 733

745
725
713

108
216

8

16

28

51

2205
14-19

22 23 1013 1012 45 3 32 45-81

745 624 407 33 06 50-91 11 30 1021 779 660 40 16 21-37

9 26 757 595 468 38 11 13-14 1025
1025

1023

897
64

496
3

28

34

56

47-36

2612
19 20 761 760 39 56 15-37 3 32 1033 1015 192 10 42 41-94

12 25 769 600 481 38 43 04-76 1037 988 315 17 41 01-07

17 22 773 748 195 14 36 41 47
785 783 56 4 05 26-94 1037 812 645 38 27 40-84

785 736 273 20 21 03-66 5 32 1049 999 320 17 45 40-74

10 31 1061 861 620 35 45 26-60

793 77o 168 12 13 51-63 13 30 1069 780 731 43 08 33-42

793 665 432 33 00 31-40 1073 975 448 24 40 41-44

11 26 797 572 555 44 08 08-88

5 28 809 759 280 20 14 57-63 1073 952 495 27 28 21-14

14 25 821 700 429 31 30 08-45 2 33 1093 1085 132 6 56 11-25

16 29 1097 928 585 32 13 36-62

10 27 829 629 540 40 38 46-60 1105 1104 47 2 26 15-90

841 840 41 2 47 39-70 1105 1073 264 13 49 20-83

845 837 116 7 53 25-34
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Trigone o/120°.

a /5 c b a A. a /5 C h a A.

1 2 7 5 3 21 47
n

12-5 8 13 337 212 105 15 39 14-9

1 3 13 8 7 27 47 44-7 1 18 343 323 37 5 21 37-3

2 3 19 16 5 13 10 24-7 3 17 349 280 111 15 59 178
1 5 31 24 11 17 53 47-6 5 16 361 231 185 26 20 496
3 4 37 33 7 9 25 48-0 9 13 367 315 88 11 59 06-3

1 6 43 35 13 15 10 41-4 4 17 373 273 152 20 39 557
3 5 49 39 16 16 25 351 7 15 379 259 176 23 42 48-9

4 5 61 56 9 7 20 27-6 11 12 397 385 23 2 52 33-2

2 7 67 45 32 24 25 57-7 2 19 403 357 80 9 53 57-2

1 8 73 63 17 11 38 06-2 9 14 403 333 115 14 18 27-6

3 7 79 51 40 26 00 282 8 15 409 304 161 19 55 55-2

1 9 91 80 19 10 25 02-8 1 20 421 399 41 4 50 17-0

5 6 91 85 11 6 00 32-3 3 19 427 352 123 14 26 44-9

3 8 97 57 55 29 24 335 6 17 427 253 240 29 07 400
2 9 103 77 40 19 39 10-3 11 13 433 407 48 5 30 32-5

5 7 109 95 24 10 59 33-8 5 18 439 299 205 23 51 146
6 7 127 120 13 5 05 09-1 7 17 457 287 240 27 03 08-7

1 11 133 120 23 8 36 47-7 1 21 463 440 43 4 36 47-8

4 9 133 88 65 25 02 22-8 3 20 469 391 129 13 46 49-8

3 10 139 91 69 25 27 39-8 12 13 469 456 25 2 38 45-3

5 9 151 115 56 18 44 02-4 5 19 481 336 215 22 46 272
1 12 157 143 25 7 55 35-3 9 16 481 369 175 18 21 56-7

3 11 163 112 75 23 28 59 2 21 487 437 88 9 00 11-4

7 8 169 161 15 4 24 30-4 7 18 499 301 275 28 30 25-8

4 11 181 105 104 29 50 30-2 6 19 511 325 264 26 34 41-4

7 9 193 175 32 8 15 20-2 11 15 511 451 104 10 09 06-2

2 13 199 165 56 14 06 193 9 17 523 387 208 20 08 47-7

1 14 211 195 29 6 50 09-5 4 21 541 425 184 17 07 48-8

3 13 217 160 87 20 19 000 13 14 547 533 27 2 26 59-9

8 9 217 208 17 3 53 24-8 1 23 553 528 47 4 13 15-7

6 11 223 168 85 19 16 29-5 11 16 553 473 135 12 12 19-5

5 12 229 145 119 26 44 44-3 3 22 559 475 141 12 37 03-3

1 15 241 224 31 6 23 45-2 10 17 559 440 189 17 01 33-8

3 14 247 187 93 19 01 50-4 5 21 571 416 235 20 52 49-9

7 11 247 203 72 14 37 20-0 8 19 577 368 297 26 28 21-5

2 15 259 221 64 12 21 24-4 7 20 589 351 329 28 55 47-6

5 13 259 155 144 28 46 59-5 13 15 589 559 56 4 43 22-8

9 10 271 261 19 3 28 51-6 1 24 601 575 49 4 02 560
7 12 277 217 95 17 16 41-7 3 23 607 520 147 12 06 23-4

6 13 283 192 133 24 00 59-8 9 19 613 423 280 23 18 06-5

4 15 301 209 136 23 02 061 5 22 619 459 245 20 02 45-2

9 11 301 279 40 6 36 810 14 15 631 616 29 2 16 51-8

1 17 307 288 35 5 39 58-3 4 23 637 513 200 15 46 40-1

3 16 313 247 105 16 53 20-7 12 17 637 552 145 11 22 09-7

10 11 331 320 21 3 08 58-8 11 18 643 517 203 15 52 024
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Trigons o/ 12C °—continued.

a /3 C h 1 a A. a ^ C b a A.

9 20 661 441 319 24 42 17-8 13 20 829 689 231
o

13 57 51-4

8 21 673 400 377 29 01 15-2 4 27 853 713 232 13 37 25-0

2 25 679 621 104 7 37 21-1 10 23 859 560 429 25 37 36-7

13 17 679 611 120 8 48 14-1 1 29 871 840 69 3 21 47-0

11 19 691 539 240 17 30 18-3 15 19 871 795 136 7 46 17-5

1 26 703 675 53 3 44 36-7 3 28 877 775 177 10 03 581
6 23 703 493 312 22 36 12-8 13 21 883 715 272 15 28 200
3 25 709 616 159 11 11 55-8 5 27 889 704 295 16 42 03 4

5 24 721 651 265 18 33 37-3 8 25 889 561 464 26 52 21-5

15 16 721 705 31 2 08 02-4 7 26 907 627 413 23 13 29-9

13 18 727 637 155 10 38 24 7 17 18 919 901 35 1 53 24-4

12 19 733 600 217 14 51 19-6 1 30 931 899 61 3 15 10-3

7 23 739 480 371 25 46 14-5 9 25 931 544 531 29 35 59-9

10 21 751 520 341 23 09 200 3 29 937 832 183 9 44 15-8

1 27 757 728 55 3 37 270 5 28 949 759 305 16 09 38-6
:

3 26 763 667 165 10 47 38-6 12 23 949 696 385 20 34 090
9 22 763 477 403 27 13 13-7 11 24 961 649 455 24 12 24-8

15 17 769 735 64 4 07 59-4 7 27 967 680 427 22 28 59-5

2 27 787 725 112 7 04 46 2
i

4 29 973 825 248 12 45 07-8

7 24 793 527 385 24 51 47-6 17 19 973 935 72 3 40 27-4

11 21 793 583 320 20 27 17-2 9 26 991 595 549 28 40 12-4

6 25 811 589 336 21 01 34-8 13 23 997 767 360 18 13 20-8

9 23 817 495 448 28 21 06-2

16 17 817 800 33 2 00 167
14 19 823 728 165 9 59 55 3
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On the Relations, Structure, and Function^ of the Valves of the Vascular

Si/stem in Vertehrata. By James Bell Pettigrew, M.D. Edin., Assistant

in the Museum of the Royal College of Surgeons of England. Communicated

by William Turner, M.B. (Plates XXVIII., XXIX.)

(Read 21st March 1864.)

Introductory Bemarks.

The rapid advances made of late in the diagnosis of cardiac and other diseases

affecting the organs of circulation, render the present inquiry into the normal or

healthy condition of the valves of the vascular system, not more important

anatomically, than medically. As the nature and composition of the parts in

which valves are found in some instances materially influence their action, I

have deemed it necessary to advert briefly to the properties and structure of the

veins and arteries, vv^hen describing the venous and arterial or semilunar valves

;

and to the arrangement of the muscular fibres in the ventricles, when point-

ing out the peculiarities of the auriculo-ventricular ones. As, moreover, much
information is to be obtained by comparing analogous structures, I have, in

the present instance, not confined my observations to any particular form

of valve, but have examined in succession the entire valvular arrangements

of the fish, the reptile, the bird, and the mammal ; my object being to arrive, if

possible, at a correct knowledge of the more elaborate varieties as they exist in

man, and in the higher mammalia.

In order to simplify the numerous relations and complicated structure of the

several valves met with, as well as to obviate the necessity for entering largely

into anatomical details, the present paper has been fully illustrated by photo-

graphs and drawings from dissections, and from casts representing the valves in

action. The photographs, thirty-four in number, were taken for the most part

from the specimens while in the fresh or recent state, by Mr Ayling and myself.

Of the drawings, twenty-three in number, that marked 33, Plate XXVIII. and

the last six of Plate XXIX., are by my friend Dr Henry Season Wilson. The

remaining fourteen are by myself. For permission to examine and figure several

of the specimens illustrating the peculiarities of the valvular arrangements of the

fish and reptile, I am indebted to the kindness of the Council of the Royal College

of Surgeons of England. The dissections and casts, which are numerous, Avere

made with a special view to this inquiry, and are preserved in the Museum of the

Royal College of Surgeons of England, where they may be consulted.

VOL. XXIII. PART III. 9 s
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Structure of the Veins and Venous Valves.

Regarding the composition of the veins, there is, as the reader is aware, some

difference of opinion, authorities not being agreed either as to the number or

nature of the coats. This may in part be explained by the variation in the

thickness of the coats themselves, these, according to John Hunter,* becoming

thinner and thinner in proportion to the size of the vein, the nearer they ap-

proach to the heart. In moderate-sized veins an external, a middle, and an

internal coat are usually described ; the first consisting of cellular, fibrous, and

elastic tissue, interlacing in all directions ; the second, of waved filaments of

areolar tissue, with a certain admixture of non-striped muscular fibres, which

run circularly, obliquely, or even longitudinally
; f the third, consisting of one

or more strata of very fine elastic tissue, minutely reticulated in a longitudinal

direction, the innermost stratum (when several are present) being lined by

epithelium. Of these layers, the second and third, from the fact of their contri-

buting to the formation of the venous valves, are the most important. The coats

of the veins, as has been long known, are tough, elastic, and possessed of con-

siderable vital contractility. Of these qualities, the toughness prevents undue

dilatation of the vessel when distended with blood ; the elasticity and vital con-

tractility assisting the onward flow of that fluid, and tending to approxirnate the

segments of the valves, by contracting in the direction of the axis of the vessel.

As the valves of the veins are very ample and very flexible, they readily accom-

modate themselves to the varying conditions in which they are placed by the

elasticity and contractility of the vessel, and by the reflux of the blood.

The valves of the veins vary as regards the number of the segments com-

posing them, and also slightly as regards structure. In the smallest veins, and

where small veins enter larger ones (Plate XXVIII. fig. 9 J), one segment only is

present. In middle-sized veins, as they occur in the extremities, two segments

(Plate XXVIII. figs. 3, 4, and 7 ah), are usually met with;! while in the larger

veins, as in the internal jugular of the horse, three, and even four segments (Plate

XXVIII. figs. 1 and 2, ahcfgh)^ are by no means uncommon.

§

The segments, whatever their number, are semilunar in shape
||
(Plate XXVIII.

* Hunter on the Blood, pp. 180, 181.

\ Dr Chevers says, that in the deep as well as in some of the superficial veins of the trunk

and neck, the middle coat is composed of several layers of circular fibres, with only here and there

a few which take a longitudinal course ; while the middle coat of the superficial and deep veins of

the limbs consists of a circular layer, and immediately within this of a strong layer of longitudinal

fibres.

—

Med. Gazette, 1845, p. 638.

J In the heart of the frog-fish, sun-fish, sturgeon, American devil-fish, python, and crocodile,

a semilunar valve, consisting of two segments, guards the orifice of communication between the

sinus venosus and the right auricle.

§ When four segments are present, two are usually more or less rudimentary (Plate XXVIII.
fig. 2/5-).

II

John Hunter in speaking of the form of the venous valves, says, their free edges are cut off

straight, and are not curved as in the arteries. This, however, is not the case ; as may be seen by
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figs. 3 and 4 a J) ; the convex border being attached to the wall of the vessel

obliquely (Plate XXVIIL fig. 5 a h\ the crescentic or concave margin, which is

free (Plate XXVIIL fig. 4 c), and directed towards the heart, projecting into the

vessel. When one segment constitutes the valve, and it occurs in the course of

a vein, it is placed obliquely in the vessel (Plate XXVIIL fig. 9), its attached

convex border {a) occupying rather more than a half of the interior. When the

segment occurs at the junction of a smaller with a larger vein, its convex border

is attached to a half or more of the orifice of the smaller one where it joins the

larger, its free margin running transversely to the larger trunk. In such cases

the segment acts as a moveable partition or septum, common alike to both vessels,

but its position and relations are such, that while it readily permits the blood

from the smaller vein to enter the larger one, it effectually prevents its

return.

When the valve consists of two segments, they are semilunar in shape, and

very ample, the vertical measurement of each, being not unfrequently nearly

twice that of the diameter of the vessel itself (Plate XXVIIL figs. 3 and 4 a ^). In

such cases both segments are usually of the same size, so that they divide the

vessel into two equal parts {e)» They are placed obliquely with regard to each

other (Plate XXVIII. fig. 5 a b), their convex borders, which are attached to the

interior of the vessel, starting from a common point above (Plate XXVIII. fig. 2 i),

and gradually diverging {e) to curve round and reunite on the opposite side of the

vessel (d) ; their concave and free margins inclining towards each other (Plate

XXVIII. fig. 12 e), and being directed, as in the more simple valve, towards the

heart. The free margins of the two segments, like the attached ones, start from

a common point (Plate XXVIII. fig. 4 r), but such is the shape of the segments,

and such the angle at which they are placed with regard to each other, that they

do not diverge to the same extent, but run moi^e or less p>arallel* This relation

of the segments to each other above, is in part accounted for by the presence of

a fibrous structure (Plate XXVIII. fig. 4 r), mliicli extends from the mall of the

vessel into the interior, and supports them at a certain distance from the sides

of the vessel. The fibrous structure referred to is well seen in the semilunar

valves of the pulmonary artery and aorta (Plate XXVIIL fig. 36 n n'), and seems

to have escaped observation. In a line corresponding to the attached border of

each of the segments (Plate XXVIII. fig. 4 a b), the middle and inte7'nal coats

of the vein are thickened, as may be ascertained by a vertical section, or by

reference to photographs 1, 2, 3, and 4, Plate XXVIII. The edges referred to are least curved when
the valve is distended or in action (Plate XXVIII. fig. 13 e), but the curve is never altogether

absent.

—

Treatise on the Blood, pp. 181, 182.

* I was much struck, on injecting the external saphenous vein of the human subject from the

dorsum of the foot, to find, on dissection, that the free margins of some of the segments were in

contact throughout ; clearly showing, that when the segments are allowed to float in a fluid, they are

so projected against each other, that even the slightest reflux will instantly close them.
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introducing coloured plaster of Paris* into the vessel. I particularly direct

attention to this circumstance, as the thickenings referred to form fibrous zones

(Plate XXVIII. fig 6 /i), mhicli extend for a short distance into the substance of the

segments, and afford them a considerable degree of support. They further assist in

preserving the shape of the segments, and in enabling them to maintain the proper

angle of inclination—the said angle inclining the segments towards each other in

the mesial plane of the vessel (Plate XXVIII. figs. 3 and 4 e). When a valve,

consisting of two segments, is situated at the junction of a smaller with a larger

vein, one of the segments is usually placed between the two vessels at the point

ofjuncture (Plate XXVIII. fig. 11 J), the other on the wall of the smaller vein {a).

The position of the segments in such instances varies, their long diameter some-

times running parallel with the larger vessel, sometimes obliquely, but more

commonly transversely. When the valve consists of three segments (Plate XXVIII.

figs. 1 and 8, a be, r s t), the segments, as a rule, are unequal in size, one of them

being generally a little larger {t) than either of the other two (r s). They are semi-

lunar in shape, as in the smaller and middle-sized veins, and differ from the latter

in being less capacious. The tri-semilunar valves in the veins, may therefore be

regarded as intermediate between the fully developed bi-semilunar valves found

in the veins of the extremities, and the fully developed tri-semilunar valves which

occur at the origin of the pulmonary artery and aorta. The existence of valves

in the veins is indicated externally by a dilatation or enlargement of the vessel

;

the dilatation consisting of one, two (Plate XXVIII. figs. 3, 5, and 12 hg), or three

(Plate XXVIII. fig. 8 g a b) swellings, according as the valve is composed of one

two, or three segments. These dilatations or swellings are analogous to the

sinuses of Valsalva in the arteries (Plate XXVIII. figs. 17 and 18 d), their

direction in the veins of the extremities being from below upwards and from

within outwards. They form, with the segment to which they belong, open

sinuses or pouches which look towards the heart, and as they extend nearly as

far in an outward direction as the segments project inwardly, they give a very

good idea of the size and shape of the segments themselves. The only point

regarding the dilatations deserving of special attention, is the gradual thinning in

a direction from above downwards^ of those jyortions of the coats of the vessel

ivhich enter into their formation. The thinning referred to, is well seen when

vertical sections of the vessel are made, or when the vein is distended with

coloured plaster of Paris, as recommended. The swellings present a deeper

colour the nearer we approach to the attached border of the segments, the

attached borders, on account of their greater thickness, appearing as dense fibrous

zones (Plate XXVIII. fig. 5 a b, fig. 6 h). The object of the swellings is evidently

* I have derived much information from the employment of this material ; its use having

enabled me to determine with something like accuracy, the relation of the segments of the valves to

each other when in action, and other points connected with the physiology of the heart.
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twofold,—:/?rs^/z/, to cause the blood to act on the segments of the i^alve from above

downwards, and from mitliout inwards, in the direction of the mesial plane^ or of

the axis of the vessel, according as there are two or three segments present;

and, secondly, to increase the area over which the pressure exerted by the reflux

of the blood extends. When the vein is opened between the segments, when two

are present, each of the segments is seen to form two curves,—one curve giving

its concave or free margin (Plate XXVIII. fig. 4 c), the other its convex or

attached one {a) ; but when the section is carried through the wall of the vein, and

through the centre of one of the segments, one curve only is obtained (Plate

XXVIII. fig. 3 g) ; and it is useful to remember this, as it shows with what facility

the structures entering into the formation of the segments, viz., the lining mem-
brane of the vessel and certain parts of the middle and internal coats, are given

off. It also shows how the lower portion of the dilatation (g), while it supports

a certain quantity of the refluent blood, guides by far the greater quantity on to

the valves (b), rendering their closure not a matter of accident, but of necessit3^

The segments of the venous valves are exceedingly flexible, and so delicate as

to be semi-transparent. They possess great strength and a considerable degree

of elasticity.* Usually they are described as consisting of a reduplication of the

fine membrane lining the vessel, strengthened by some included fibro-cellular

tissue, the whole being covered with epithelium. This description, however, is

much too general to convey any very accurate impression of their real structure,

and the following, drawn up from the examination of a large number of specimens

taken from man, the horse, ox, sheep, and other animals, may prove useful.

When one of the segments of a well-formed bi-semilunar valve removed from

the human femoral vein, is stained with carmine, fixed between two glasses, and

examined with the microscope or pocket lens, the subjoined phenomena are wit-

nessed :

—

1st, The lining membrane of the vessel covered with epithelium is seen to

form the investing sheath of the segment, no breach of continuity being any-

where perceptible.

2d, Large quantities of white fibrous tissue, mixed up with areolar and

yellow elastic tissue, from the middle and internal coats of the vessel, are observed

to extend into the segment. The fibres composing these tissues pursue a definite

arrangement.

Thus running along the concave or free margin of the segment (Plate

XXVIII. fig. 14 a), as likewise on the body, especially where the segments join

each other (b), are a series of very delicate fibres, consisting principally of

yellow elastic tissue. These fibres proceed in the direction of the long diameter

* Hunter denies the elasticity of the segments, on the ground that the valvular membrane is

not formed of a reduplication of the lining membrane of the vessel, an opinion at variance with recent

investigation.

—

Treatise on the Blood, pp. 181, 182.
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of the segment, but transversely to the course of the vessel, and may be denomi-

nated the ho7'izontalJih^es.

Running in a precisely opposite direction, and confining themselves principally

to the body of the segment, are a series of equally delicate fibres (c), having a like

composition, and which, for the sake of distinction, may be described as the

vertical series. These two sets of fibres are superficial, and to be seen properly,

a power magnifying from 200 to 250 diameters is required.

Radiating from the centre of the segment (Plate XXVIII, fig. \o e) towards its

attached harder (ii'), and seen through the more delicate horizontal and vertical

ones, is a series of stronger and deeper fibres, composed of white fibrous and yellow

elastic tissue, the former predominating. Still stronger and deeper than either

of the fibres yet described, and proceeding from the attached border of the

segment (Plate XXVIII. fig. 16 st), is a series of oblique fibres, continuous in very

many instances with corresponding fibres in the middle coat of the vessel. These

fibres cross each other with great regularity, and form the principal portion of the

segments. They are most strongly marked at the margin of the convex border of

the segment, where they form a fibrous zone or ring, which, as has been explained,

supports the segment, and carries it away from the sides of the vessel into the

interior. I have also detected, in the vicinity of the attached border of the

segment, some non-striped muscular fibres. The segment of a venous valve is

therefore a highly symmetrical and complex structure, the fibrous tissues com-

posing it, being arranged in at least three well-marked directions ; viz., horizontally,

vertically, and obliquely. The great strength which such an arrangement is cal-

culated to impart to the segment is readily understood.

In conclusion, the segment is thinnest at its free margin, and thickest towards

its attached border ; the body being a little thicker than the free margins, and

where the extremities or narrow portions of the segments join each other, but

not so thick as the attached border.

The Venous Valves in Action.

The manner in which the venous valves act, is well seen when the vein is sus-

pended perpendicularly overhead, and water, oil, glycerine, or liquid plaster of

Paris, poured into it by an assistant from above ; the vein beneath the valve being

cut away, the better to expose the segments to the view of the spectator. When
the valve consists of one segment only, the fluid is observed to force it obliquely

across the vessel, and to apply its free crescentic margin to the interior or convex

surface with such accuracy as to prevent even the slightest reflux. When two

segments occur in the course of a vein, they are forced by thefluid simultaneously

towards each other in the mesial plane of the vessel (Plate XXVIII. figs. 3 and 12 e),

the sinuses {gh) behind the segments becoming distended, and directing the
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current and regulating to a certain extent the amount of pressure. The closure in

this instance is almost instantaneous, and so perfect that not a single drop

escapes. It is effected by the free margins of the segments, and a, large proportion

of the sides ^ coming into accurate contact, the amount of contact increasing in the

inverse of the pressure applied. If liquid plaster of Paris be used for distending

the vein, and the specimen is examined after the plaster has set, one is struck

with the great precision with which the segments act (Plate XXVIII. figs. 6 and

W ah), these coming together so symmetrically, that they form by their union a

perpendicular mall or septum (Plate XXVIII. figs. 6, 11, and 12, e) of a beauti-

fully crescentic shape* (Plate XXVIII. fig. 13 e). This fact is significant, as it

clearly proves that the concave or free margins of the segments, and a consider-

able proportion of the sides, run parallel to each other when the valve is in action,

a circumstance difficult of comprehension, when it is remembered that the convex

borders of the segments are attached obliquely to the walls of the vessel, and that

the segments, when not in action, incline towards each other at a considerable

angle. The very accurate apposition of the segments, when the valve is closed, is

to be traced :

—

-

] St, To the direction and shape of the venous sinuses, which conduct the fluid

employed, on to the segments in almost equal quantities.

2d, To the disposition of the free margins of the segments, which, as was

explained, run side by side, and are supported by fibrous structures which

carry them away from the sides of the vessel for some distance ; and,

Zd, To the amplitude of the segments themselves, which allows them to

come together without difficulty, and when the pressure is applied, to flatten them-

selves against each other to form the perpendicular crescentic wall adverted to.

In the event of two segments occurring at the entrance of a smaller into a

larger vein, one ofthem being situated at the junction of the smaller vessel with the

main trunk (Plate XXVIII. fig. 11 b), the other on the Avail of the tributary branch

(«) ; the former, i.e., the common or septal segment, is forced by the fluid in a

slightly outward direction, the latter in an opposite or inward direction, the free

margins and sides of the segments being by this arrangement accurately applied to

each other to form an impervious wall or septum {e) as already described. When
the entrance of a smaller into a larger vessel is guarded by two segments situated

on the tributary branch at its orifice, their action is precisely the same as when

they are placed in the course of a vein. When three segments are present, as

happens in the larger trunks, the closure is effected in a manner greatly re-

sembling that by which the semilunar valves of the pulmonary artery and aorta

* In order to see the perpendicular wall formed by the flattening of the sides of the segments

against each other when the valve is in action, the vein and the plaster should be cut across im-

mediately above the valve, and the segments forcibly separated by introducing a thin knife between

them. In fig. 13, Plate XXVIII., one of the segments has been quite removed.
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are closed ; the fluid employed, in virtue of the direction given to it by the

venous sinuses, causing each of the segments (Plate XXVIII. fig. 8 rst) to hend

or double upon itself at an angle (i) of something like 60°;* the three lines formed

by the doubling and union of the three segments dividing the circle corresponding

to the wall of the vessel, into three nearly equal parts. In the doubling of the

segments upon themselves, each segment regulates the amount of lending which

takes place i7i that next to it, and as the free margins of the segments so bent

advance synchronously towards the axis of the vessel, they mutually act upon

and support each other. As the three segments are attached obliquely to the

wall of the vessel, while the free margins, after the folding has taken place, are

inclined towards and run parallel to each other (« V), they form an inverted

dome consisting of three nearly equal parts, the margins of the segments, and a

certain portion of the sides, when the pressure is applied, flattening themselves

against each other to form three crescentic partitions or septaf which run from

the axis of the vessel towards the circumference.

The tri-semilunar valve, as will be seen from the foregoing explanation, is

closed in a very different manner from the bi-semilunar one. The occlusion of

the vessel, however, is not the less complete ; the segments, when three are present,

heing wedged hi}o each other in a direction from above downwards, and from
without i7iwards ; the first of these movements, by tending to flatten the segments,

pressing their margins and sides together : the second, by urging the segments

towards the axis of the vessel, impacting them more and more tightly, especially

towards their apices or points. As the apices or points formed by the doubling

of the segments whilst in action, are composed principally of the flexible and free

crescentic margins, and are at liberty to move until the wedging process is com-

pleted, a careful examination has satisfied me, that they rotate to a greater or less

extent before the valve is finally closed. This spiral movement, which is simply

indicated in the venous valves, is more strongly marked in the semilunar ones of

the pulmonary artery and aorta (Plate XXVIII. figs. 26, 27, and 28, v, w, oc,) and

attains, as will be shown subsequently, a maximum in the auriculo-ventricular

valves of the mammal (Plate XXIX. figs. 53 and 54, min,sr).

By whatever power the blood in the veins advances—whether impelled by the

heart alone, or by muscular contractions occurring in different parts of the body,

or by rythmic movements which take place in the vessels themselves, or by

efforts of inspiration, or by all or combinations of these ; there can, I think, be

little doubt that this fluid, in its backward or retrograde movement, acts to a

great extent mechanically on the valves as described. It ought, however, to be

borne in mind that the veins and the valves are vital structures, and that

* The angle is never precisely 60°, from the fact of the segments varying slightly as regards size.

f The crescentic partitions, as they occur in the semilunar valves of the pulmonary artery and

aorta, are shown at 6 b', of fig. 25, Plate XXVIII.
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although a perfect closure may be effected by purely mechanical means in the

dead vein, it is more than probable that in the living one, the contraction of the

coats of the vessel exercises a regulating influence.

Structure of the Arteries and Arterial Valves.

The coats of the arteries, as is well known, are thicker than those of the veins,

while the layers composing them are more numerous. The external coat, accord-

ing to Henle, consists of an outer layer of areolar tissue in which the fibres run

obliquely or diagonally round the vessel, and an internal stratum of elastic tissue

;

the middle coat in the largest arteries, according to Rauschel, being divisible into

upwards of forty layers. The layers of the middle coat consist of; pale, soft,

flattened fibres, with an admixture of elastic tissue, the fibres and elastic tissue

being disposed circularly round the vessel. The internal coat is composed of one

or more 1 lyers of fibres, so delicate that they constitute a transparent film, the

film being perforated at intervals, and lined with epithelium. The arteries, as

might be t expected from their structure, and as was proved by the admirable ex-

periments of John Hunter, whose beautiful preparations I have had an oppor-

tunity of examining, possess a high degree of elasticity and vital contractility,

and are extensible and retractile both in their length and breadth ; the power of

recovery, according to that author, being greater in proportion as the vessel is

nearer the heart. From this it follows that the pulmonary artery and aorta are

most liable to change in dimensions. As, however, any material alteration in

the size of the pulmonary artery and aorta might interfere with the proper

function of the semilunar valves situated at their orifices, it is curious to note

that the great vessels arise from strong and comparatively unyielding fibrous

rings. These rings (particularly the aortic one) are so dense as to be almost

cartilaginous in consistence, and Professor Donders* has lately discovered, that

they contain stellate corpuscles similar in many respects to those stellate and

spicate corpuscles, found in many forms of cartilaginous tumours. They have

been more or less minutely described by Valsalva,! Gerdy,:}: Dr John Reid,§

and Mr W. S. Savory,
||
and merit attention because of their important relations

to the segments of the semilunar valves. The following description of the aortic

and pulmonic fibrous rings, has been drawn up chiefly from the examination of a

large number of human hearts. Each ring, as will be seen by a reference to

* " Onderzockingen betrekkeligh den bouw van het menchclijke hart," in " Nederlandsch

Lancet" for March and April 1852.

f Opera Valsalva, torn. i. p 129.

+ Journal Complimentaire, torn. x.

§ Cyc. Anat. and Phy. article " Heart," pp. 588, 589. London, 1839.

11
Paper read before the Royal Society in December 1851.

VOL. xxin. PART in. 9 u
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Plate XXVIII. figure 30, taken from a photograpli of a boiled heart, consists,

as was shown by Reid, of three convex portions (rst). Each convex portion is

directed from above downwards, and from without inwards, and as it unites

above with that next to it, the two when taken together form a conical-shaped

prominence {x), which is adapted to one of the three triangular-shaped inter-

spaces occurring between the segments of the valve (Plate XXVIII. fig. 17 h).

The arterial rings are therefore placed obliquely, the under surface, which gives

attachment to many of the fibres of the ventricles anteriorly (Plate XXVIII. fig.

30 dd'), resting on the rounded oblique border of the ventricular walls (Plate

XXVIII. fig. 17 ^). The ring surrounding the pulmonary artery, as was pointed

out by Reid, is broader, but not quite so thick as that surrounding the aorta,

and both are admirably adapted for the reception of the large vessels which,

as was shown by that author, originate in three festooned borders. These

borders, I am inclined to think, consist of two parts,

—

an outer (Plate XXVIII.

fig. 17 r ?•'), composed of the outer, and a small portion of the central layer of

either the aorta or pulmonary artery; and an inner (t), composed principally

of the central and inner layers. The outer border (Plate XXVIII. fig. 18 r),

which is the thinner of the two, is attached to the supei'ior and outer margin

of one or other of the fibrous rings {g), chiefly by the serous membranes ; the

inner (Plate XXVIII. fig. 17 t), M'hich projects further in a direction from

above downwards, and corresponds to the thickened convex border of the seg-

ments (s), to the formation of which it contributes, being attached to the

inferior and inner margin {g'). These points are well seen, when a vertical

section is made of the aorta or pulmonary artery between the segments com-

posing the semilunar valves. In such a section (Plate XXVIII. fig. 17), the

vessels are observed to be thickened in a direction from above downwards,

the thickening beginning at the point where the segments meet above {h\ and

gradually increasing until the vessels bifurcate {r' t). The reverse of this

holds true of those portions of the vessels which enter into the formation of

the sinuses of Valsalva (Plate XXVIII. fig. 18 «), these being unusually thin,

particularly where attached (?•).* As the thickened portions of the vessels

correspond to the fixed margins of the segments (Plate XXVIII. figs. 17 and

35 htn), and extend between them in an arched direction above (c), they

give the precise boundaries of the sinuses of Valsalva (Plate XXVIII. figs.

17 and 18 d)^ and furnish the segments with three fibrousframeworks analogous,

in some respects, to the thickenings which occur in similar situations in the

veins. These frameworks extend for a short distance into the segments (Plate

XXVIII. fig. 17 5, and fig. 36 n), and assist not only in affording the segments

* The several points adverted to are seen to advantage in the whale (Physalus antiquorum,

Gray), the aorta of which I had an opportunity of dissecting for the Museum of the Royal College

of Surgeons of England.
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the requisite degree of support, but in carrying them away from the sides of the

vessel, and in inclining them towards each other at such an angle as insures that

their free margins, especially where they unite above (Plate XXVIII. jBg. 86 h c),

shall be more or less parallel when the valve is in action. That the frame-

works afford the support here indicated, is proved by the fact, that when liquid

plaster of Paris is introduced into the ventricles, and forced through the pul-

monary artery and aorta, in the direction of the circulation, the attached borders

of the segments do not fall back into the sinuses of Valsalva (Plate XXIX.

figs. 50 and 51 v w) to the same extent as the sides and free margins, but project

so as to furnish the casts thus obtained, with corresponding depressions (rs).

The sinuses of Valsalva are formed above by the dilatations or expansions

of the great vessels, and the one occupies a higher position than either of the other

two. They are further unequal in size (Plate XXVIII. fig. 26 w cc v\ the

highest and smallest occurring anteriorly, that which is intermediate in size being

placed posteriorly, while the lowest and largest is directed towards the septum.

They correspond in situation and dimensions to the segments behind which they

are found, and differ from the venous sinuses in being more capacious, a section of

the sinus and its segment (which is likewise very ample) giving a sweep of nearly

half a circle (Plate XXVIII. fig. 18 bis). As a result of this amplitude, those

portions of the segments which project into the vessel are, during the action of

the valve, closely applied to each other throughout a considerable part of their

extent (Plate XXVIII. fig. 26 a be); the great size of the sinuses furnishing

an increased quantity of blood for pressing the segments from above downwards,

and from without inwards, or in the direction of the axis of the vessel. The

sinuses o/ Valsalva curve towards each other in a spiral direction; and this ought

to be attended to in speaking of the action of the semilunar valves, as the sinuses

direct the blood spirally on to the mesial line of each segment (Plate XXVIII.

fig. 26 V ov x), and cause the segments to twist and wedge into each other, as re-

presented at -y ra ^ of figs. 26, 27, and 28, Plate XXVIII. In order to determine

this point, I procured a fresh pulmonary artery and aorta, and after putting the

valves into position with water, caused an assistant to drop liquid plaster of Paris

into the vessels. The greater density of the plaster gradually displaced the

water, and I was in this way furnished with accurate casts of the sinuses and of

the valves. The segments of the semilunar valves, unlike the venous ones, are

almost invariably three in number.* They differ in size and in position, and

in this respect resemble the sinuses of Valsalva, to the inside of which they

are found. Thus the segment which is smallest is situated anteriorly, and

occupies a higher position than either of the others ; that which is second in

* Dr John Hughes Bennett speaks of a case in which foui- were present, but whether the addi-

tional segment was congenital, or the result of disease, is not easy to determine. '• Principles and

Practice of Medicine," 1858, p. 550.
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size being placed posteriorly, and a little lower than the anterior segment.

The remaining segment, which is the lowest, is directed towards the septum.

They are flexible, more or less opaque, very strong, and somewhat crescentic

in shape (Plate XXVIII. figs. 19 and 20). In structure, the semilunar valves

are intermediate between the venous and auriculo-ventricular ones. They

consist of a reduplication of the fine membrane lining the vessel, strengthened

by certain tendinous bands, and, as was first satisfactorily demonstrated by Mr

W. S. Savory, of a considerable quantity of yellow elastic tissue.* Some of the

older anatomists, among whom maybe mentioned Lancisci,! Senac,^ Morgagni,§

WiNSLOW,
II
and Cooper,^ believed that they had detected the presence of car-

neous or muscular fibres ; but Haller,** and many since his time, have gravely

doubted the accuracy of their observations. Very recently, Mr MooREff has

figured two sets of muscular fibres, which he has termed according to their

supposed action, dilators and retractors; and Dr MonneretJI has described

two similar sets, which, for like reasons, he has named elevators and de-

pressors. I have sought in vain for the muscular fibres in question, and am
inclined to think that when found, they have been mistaken for the tendi-

nous bands accidentally stained with blood. The tendinous bands have hitherto

been regarded as following three principal directions,—one band being said to

occupy the free margin, and to be divided into two equal parts by the nodulus or

Corpus Arantii, otherwise called Corpusculum Morgagni, and Corpus sesamoideum

;

a second band, proceeding from points a little above the middle of the segment,

and curving in an upward direction towards the Corpus Arantii ; the third band,

which is the thickest, surrounding the attached border of the segment. A careful

examination of a large number of mammalian hearts, particularly those of man,

has induced me to assign to the semilunar valves a more intricate structure. In

a healthy human semilunar valve§§ taken from the pulmonary artery, the follow-

ing seems to be the arrangement. Proceeding from the attached extremities of

the segment above (Plate XXVIII. fig. 19 J, fig. 20 x, and fig. 29 a), and running

along its free margin, is a delicate tendinous band, which gives oflP still more delicate

* PuRKiNGE and Raeuschel liad detected elastic tissue in the Corpora Arantii, but knew nothing

of its existence throughout the other portions of the valves. Of its presence I have frequently satis-

fied myself.

•[• De motu Cordis.

J Traite de la Structure de Coeur, livre i.

§ Adversaria Anatomica Omnia.

II
Exposition Anat. de la Structure du Corps Humain, p. 592

^ Myotoniia Reformata.
** Elementa Physiologise. Liber iv. sect. 10.

tt Med. Gazette, March 8, 1850.
+ + Lancet, Dec. 29, 1850.

§§ It is very difficult to get a perfectly healthy human semilunar valve, especially if the patient

is at all advanced in years. Out of twenty adult hearts examined by me, nearly a half of that num-
ber had the valves abnormally thickened.
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slips (Plate XXVIII. figs. 20 and 29 r), to radiate in a downward and inward

direction, i.e. in the direction of the mesial line (Plate XXVIII. fig. 20 c) and body

of the segment. These fine slips interdigitate in the mesial line, and are attached

below to the uppermost of a series of very strong fibrous bands which occupy

the body of the segment (Plate XXVIII. figs. 20 and 29 s). In the interspaces

between the slips, the valve is so thin as to be almost transparent. Those portions

of the segments included within the delicate fibrous band, running along the free

margin and the uppermost of the stronger bands occupying the body, and which

are situated to the right and left of the mesial line, are somewhat crescentic in

shape (Plate XXVIII. fig. 20 ?•), and have, from this circumstance, been termed

lunulse. They do not form the perfect crescents usually represented in books, the

horns of the crescents directed towards the mesial line of the segment (Plate

XXVIII. fig. 20 c), being much broader than those directed towards the extremi-

ties, or where the segments unite above (Plate XXVIII. fig. 20 h). The object

of this arrangement is obvious. The crescentic portions referred to, are those which,

when the segment is folded upon itself during the action of the valve, are accu-

rately applied to corresponding and similar portions of the two remaining seg-

ments (Plate XXVIII. fig. 25 h h'). If, however, the lunulse had been symme-

trical, in other words, if they had terminated in well-defined horns towards the

mesial line, or where the segments fold upon themselves, then the union between

the segments in the axis of the vessel (Plate XXVIII. fig. 25 x), where

great strength is required, ivoidcl have been very partial, and conseqikntly very

imperfect.

Proceeding from the attached extremities of the segments at points a little

below the origins of the marginal band, and curving in a downward and inward di-

rection, is the first ofthe stronger bands (Plate XXVIII. fig. 20 V). The band referred

to essentially consists of two portions, these splitting up into brush-like expansions

as they approach the mesial line (c), where they interdigitate and become strongly

embraced. Other and similar bands, to the extent of three (s) or four, usually the

latter number, are met with (Plate XXVIII. fig. 29 -y), and as they all curve in a

downward and inward direction, and have finer bands running between them in a

nearly vertical direction, they suspend the body of the segment ; so that when
water is poured upon it, the various parts of which it is composed, radiate from

the attached or convex border like a fan ; each band dragging upon that above it

;

the whole deriving support from the thickened convex border. The bands, which

are thus six in number, are best seen on that aspect of the segments which is

directed towards the sinuses of Valsalva.* They are thickest at their attached

extremities, where they interlace slightly, and are mixed up to a greater or less

' extent with the pale, soft, flattened fibres, and elastic tissue of the central layer

* The surfaces of the segments directed towards the axis are perfectly smooth, and so facilitate

the onward flow of the blood.

VOL. XXIII. PART in. 9 X
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of the vessel itself. They in this manner form a fibrous zone (Plate XXVIII. fig.

17 57^), which corresponds to the attached convex border of the segment, and

may be regarded as an expansion of the inner of the two divisions (Plate XXVIII.

fig. 17 tr) into which, as I formerly pointed out, the pulmonary artery and aorta

resolve themselves.

As the bands under consideration are exceedingly strong when compared with

those occurring in other portions of the segment; and project in an inward direc-

tion, or towards the axis of the vessel, when the preparation is sunk in water

;

their function, as ascertained from numerous experiments on the semilunar

valves of a whale {Physalus antiquorum, Gray), seems to be the following :

—

\st, They carry the body of the segment awayfrom the sides of the vessel, and

incline the free margins towards each other, at such an angle, as necessitates the free

margins of neighbouring segments, being always more or less in apposition. In this

they are assisted by the thickened portion of the pulmonary artery (Plate XXVIII.

figs. 17 and 36 b n) which projects between the segments (Plate XXVIII. fig. 36

n n') where they unite above, and by the fibrous zones which correspond to the

convex border of each segment.

2d, The stronger fibres suspend the body of the segment from above, and permit

the reflux of blood to act more immediately upon the mesial line of each segment where

thinnest (Plate XXVIII. fig. 20 c), and where least supported ; to occasion that

characteristic folding of the segment upon itself, when the valve is in action.

Other bands, intermediate in thickness between those occupying the free

margin and the body of the segment, are found towards its lower portion (Plate

XXVIII. figs. 20 and 29 o). These bands cross and interdigitate to a greater or

less extent, and as their prevailing direction is from below upwards, are instru-

mental in keeping the lower poi^ions of the segment, away from the sides of the

vessel. Each segment may therefore be described as consisting of three por-

tions—a superior and thinner portion, an inferior and thicker one, and a central

portion, which is the thickest of all. It ought also to be remarked that the three

portions of the segment corresponding to its mesial line, where the folding occurs

when it is in action, are comparatively thinner than the parts to either side of

the line in question. The varying thickness of the segments is well seen in the

semilunar valve of the whale (Plate XXVIII. fig. 2d av n).

While the foregoing may be considered a literal description of a healthy

human semilunar valve, there are modifications to which it is necessary to direct

attention. Thus, in some instances, the band occupying the margin of the segment

splits up near its origin, as represented at Plate XXVIII. fig. Id b, and maps out a

triangular portion (c). This portion is very thin, and contains delicate tendinous

fibres, which terminate in brush-shaped expansions towards the mesial line.

The remaining and stronger bands are similar to those already described, but the

difference in the thickness of the several portions of the valve, is not so marked.
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In other cases (Plate XXVIII. fig. 21), the marginal band not only splits up and

contains a fully developed Corpus Arantii {d)^ but gives off two or more well-

marked tendinous slips {a) which connect the free margin with the stronger or

central portion of the segment {i). Radiating from the Corpus Arantii as a

centre (Plate XXVIII. fig. 24 d), and proceeding along the free margin, I have

sometimes detected a series of hair-like fibres [e), which are apparently of use

in strengthening this the weakest portion of the segment. This is the more

probable, since other and similarly delicate fibres proceed from the attached

extremities in the direction of the Corpus Arantii. On other occasions, the

tendinous bands proceeding from the marginal one (Plate XXVIII. fig. 22 s) are

abnormally thickened {t), and terminate in brush-shaped expansions in the body

of the segment {v) ; the body under such circumstances, projecting in an upward

direction towards the Corpus Arantii {d). In such cases, those portions of the

valve {r r') which occur between the thickened bands proceeding from the mar-

ginal one, are exceedingly thin, and in some diseased conditions altogether awant-

ing, so that the segment very much resembles one of the segments of the nutral

or tricuspid valve, with its chordae tendinese. That there is an analogy between

the semilunar and the mitral and tricuspid valves, and that the chordae tendinese

is a further development, seems probable from the fact, that in the bulbus

arteriosus of certain fishes, as in the grey and basking sharks (Plate XXIX.

figs. 41 and 48), Lepidosteus, &c. (Plate XXIX. fig. 40 h), the semilunar valves

are furnished with what may be regarded as rudimentary chordae tendinese,

(Plate XXIX., fig. 48. «), while in the auriculo-ventricular valves of fishes, which

have hitherto been regarded as semilunar, but which exhibit some of the pecu-

liarities of the mitral valve of the mammal, chordae tendineae in various stages

of development occur.

A scheme of the arrangement of the tendinous bands in the semilunar valves

has been given at Plate XXVIII. fig. 23, and shows the segments to be not only

bilaterally symmetrical, but to be constructed on a plan which secures the greatest

amount of strength with the least possible material ; the bands mutually acting

upon and supporting each other. Thus the bands marked a and d, which re-

present the central portion of the segment, split up into brush-shaped expansions,

one portion of each curving in an upward direction (h e), and representing the

tendinous slips proceeding from the marginal one {r) ; the remaining portions

curving in a downward direction (/c), and giving the inferior set of fibres which

curve from below, towards the body of the segment {ad). The Corpus Arantii

is rarely present in a perfectly healthy semilunar segment ; nor will its absence

occasion surprise, when it is remembered that its presence materially interferes

with the folding of the segments upon themselves, when the valve is in action.

That its existence is not necessary to the perfect closure of the valve, is proved by

its complete absence in a great number of cases. In the semilunar valve of the
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whale, where one would have naturally expected it in perfection, I could not

detect even a trace of it.

What has been said of the semilunar valves of the pulmonary artery, may with

equal propriety be said of those of the aorta ; the only difference being that the

segments are stronger and more opaque, to harmonise with the greater strength

of the left ventricle.

The Arterial or Semilunar Valves in Action.

As the manner in which the semilunar valves are closed, does not seem to be

well understood, the following experiments conducted with various fluids and

liquid plaster of Paris, may prove interesting :
—

When the aorta is cut across two inches or so above the aortic semilunar

valve, and water introduced, the segments, if watched from beneath, are seen to

act with great alacrity, the smallest segment (Plate XXVIII. figs. 26, 27, and 28,

w), which is situated highest, descending with a spiral swoop, and first falling into

position ; the middle-sized segment (:r), which is placed a little lower, descending

in like manner, andfixing the first segment hy one of its lunulw or crescentic surfaces

(Plate XXVIII. fig. 26 a) ; the third and largest segment (v), which occupies a

lower position than either of the others, descending spirally upon the crescentic

margins {b c) of the other two, and wedging and screwing them more and more

tightly into each other. The spiral movement, as has been already explained, is

occasioned by the direction of the sinuses of Valsalva, which curve towards each

other, and direct the blood in spiral waves upon the mesial line of each segment

{wx'\i).

It is well seen when liquid plaster of Paris is used, as the plaster, on setting,

enables the experimenter to examine the relations of the segments to each other

at leisure. Figures 27 and 28, Plate XXVIII., have been taken from specimens so

prepared. On removing one of the segments in such specimens, it is found to be

folded upon itself (Plate XXVIII., fig. 27 w), and to present two semilunar surfaces,

each of which is accurately applied to a corresponding and similar surface of that

segment of the valve which is next to it (Plate XXVIII. fig. 25 h V). The union,

therefore, between any two of the segments of a semilunar valve, is analogous in

many respects, to that occurring in a venous valve consisting of two segments.

There is, however, this difference ; in a venous valve, the segments, simply flatten

themselves against each other in the mesial plane of the vessel, to form a perpendicular

crescentic wall (Plate XXVIII. figs. 11 and 13 e) ; whereas in thes emilunar valves,

the segments in addition curve into each other^ and so form three perpendicular

crescentic walls, each of which radiates from the axis of the vessel (Plate XXVIII.

fig. 26 rso). In the venous valve, moreover, those portions of the segments

which come into apposition /orwz systemetrical crescents (Plate XXVIII. fig. 13 ^)

;
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whereas in the semilunar one, the surfaces referred to, are non-symmetrical ; in

other words, the horns of the crescents forming the lunulse, are broader towards the

mesial line of the segments (Plate XXVIII. fig. 20 c^ than where they meet above

(b). As a result of this want of symmetry in the lunulee or opposing surfaces of

the semilunar valves, the apices or central portions of the segments come together

in the axis of the vessel throughout a considerable space (Plate XXYIII. fig. 25 x),

and form a union of the most perfect description. The extent of the union increases

in the inverse of the pressure applied (compare dotted lines, Plate XXVIII. fig.

25 m m' with plain ones b b'\ and is rendered very secure from the segments

being wedged into each other in a direction from above downwards and from with-

out inwards (Plate XXVIII. fig. 26 vwx). Retzius,* who figures the manner

of closure of the semilunar valves, does not seem to have been aware of this fact,

for he represents the segments as coming together in the axis of the vessel at

three points, an arrangement which could scarcely fail to occasion a certain

amount of regurgitation. If the closure of the semilunar valves be watched from

above, other phenomena are observed. When, for example, the aorta and semi-

lunar valve of the whale were sunk in water and permitted to remain un-

disturbed, the thicker portions of each segment were seen to project in an upward

and inward direction, the free margins being by this arrangement brought more

or less closely into contact, and supported on a level corresponding to the top of

the sinuses of Valsalva. When, however, the preparation was raised in the

vessel, so that the water acted from above on the central and more unsupported

portions ofthe segments ; the free margins, together with the more moveable parts

of the bodies, descended to the extent of fully an inch and a half In so doing,

the free margins of the segments were projected against and accurately applied

to each other, clearly showing that the fluid, because of its weight and the spiral

downward and inward direction communicated to it by the sinuses of Valsalva,

is sufficient to effect the closure. When the closure was taking place, the seg-

ments fell into position in rotation, but at so nearly the same interval of time,

that they mutually regulated the amount of downward and inward movement

;

and so prevented each other from protruding too far into the interior of the vessel.

When the hand was introduced into the aorta, which the great size of the speci-

men! readily permitted, and one of the segments was pushed in an outward

direction, it was found to apply itself to the sinus of Valsalva behind it, with

more or less accuracy ; the extremities of the segments, where they unite above,

projecting to form three ridges, which are sjnrally inclined with reference to each

other, and are no doubt useful in directing the blood into the aorta proper. From

the foregoing description of the venous and arterial semilunar valves in mam-

* Om Mekanismen af Semilunar Valvlernes tillolutning.

t In this case, the aorta had a girt of 27 inches ; the average size of the segments being

9 inches by 7.

VOL. XXin. PART III. 9 Y
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malia, it will be evident that there is nothing, either in their structure or rela-

tions, to betoken any great degree of activity on their part. That these structures

are, on the contrary, principally passive, seems certain from the fact, that a

stream of water or other fluid directed upon them from above as recommended,

at once closes the orifices which they guard.

Stkuctuke of the Bulbus arteeiosus of the Fish, and of the Ventricle of the Fish

AND Eeptile ; Semiltjnar and other Valves found therein.

The semilunar valves in the bulbus arteriosus of the fish, and the auriculo-ven-

tricular valves in the fish and reptile, differ from the venous and arterial ones,

in being, for the most part, connected either directly or indirectly, or exposed in

some way to the influence of muscular contractions. In order the better to

understand the position which these valves occupy in the gradually ascending

scale of valvular arrangements, a brief description of the bulbus arteriosus, of

the fish^ and of the ventricle of the fish and reptile, is necessary. In the ventricle

of the fish, the fibres, as I have pointed out elsewhere,* consist of three layers ;

—

an external layer, in which they proceed from base to apex, and occasionally

interdigitate and become strongly embraced ; an internal layer, in which they

are aggregated into fascicular bundles, and have a more or less vertical reticu-

lated arrangement ; and a central layer, in which they run transversely, or at

right angles to the fibres of the external and internal layers. These layers are

connected to each other by certain fibrous bands, which run in a direction from

without inwards. Rising from the base of the ventricle anteriorly is a muscu-

lar structure of a more or less bulbous form, the so-called bulbus arteriosus

(Plate XXIX. figs. 38, 39, 40, 41, and 48), the arrangement of the fibres in

which, resembles that in the ventricle itself. The ventricle of the fish, and

the bulbus arteriosus contract in every direction, and in this respect they are

analogous to the veins and arteries, which, as John Hunter showed, are exten-

sible and retractile, both in their length and breadth. One point to be noted in

the ventricle of the fish, is the absence of musculi papillares ; the auriculo-ventri-

cular valves being so placed, that certain of the fasciculi constituting the internal

layer, run parallel to them, and extend, in not a few instances, into their sub-

stance. The effect of this arrangement is to modify the action of the valves in

question ; and I direct attention to the circumstance, because of the purely

mechanical views entertained by some with regard to them ; views which to me
appear inconsistent with the nature of the textures involved. The arrangement

of the fibres in the ventricle of the reptile is nearly the same as that in the

fish. There is, however, this difference, and it is worthy of mention as bearing

directly upon the structure and function of the auriculo-ventricular valves in this

* On the Arrangement of the Muscular Fibres, in the Ventricles of the Vertebrate Heart, with

Physiological Remarks.

—

Phil. Trans., vol. 154, pp. 445-47.



OF THE VALVES OF THE VASCULAR SYSTEM IN VERTEBEATA. 779

class of animals. The fibres of the external and internal layers pursue a slightly

spiral course. The spiral direction of the fibres here indicated is so marked in

the ventricles of the bird and mammal, as to influence not only the position of the

musculi papillares and carneae columnse, but also the shape of the ventricular

cavities, and the closure of the mitral and tricuspid valves. In the bulbus

arteriosus of the fish, the valves as a rule, may be said to be fairly within the

range of muscular influence, and it is interesting to note that in this struc-

ture, the segments vary both as regards number, size, and shape. Thus,

in the frog-fish {Lophius ])iscatorius)^ the origin of the bulbus arteriosus is

guarded by a semilunar valve, consisting of two ample and very delicate

segments (Plate XXIX. fig. 47 a), resembling those found in the middle-sized

veins (Plate XXVIII. fig. 3 ; compare with a h) ; while in the sun-fish {Orthago-

riscus mola, Schneider), the same aperture is guarded by a semilunar valve, con-

sisting of three segments (Plate XXIX. fig. 43 a be) ; the segments being analo-

gous in every respect to those found in the largest veins (Plate XXVIII. fig. 1

;

compare with a b c). As the valve in these cases is situated between the bulbus

arteriosus and the ventricle, and surrounded by a fibrous ring similar to that occur-

ring at the origin of the pulmonary artery and aorta, it is not affected by the struc-

tures between which it is situated to any great extent. The semilunar valves in

the frog-fish and sun-fish, may therefore be regarded as connecting links between

the venous and arterial ones in the bird and mammal ; and that more complex

system of analogous valves, which is found in the bulbus arteriosus of the fish

generally. In the bulbus arteriosus of the skate {Baia batis), the segments occupy

the whole of the interior of the bulb, and are arranged in three pyramidal rows

of five each (Plate XXIX. fig. 38 aJc). As the segments in this instance are

very small, and altogether inadequate to the obliteration of the bulbus cavity, they

must be looked upon as being useful only in supporting the column of blood in its

onward progress ; it being reserved for the segments at the termination of the bulb,

which are larger and more fully developed, to effect the closure. The action of

the segments in the bulbus arteriosus of the skate, is rendered more perfect by the

pressure from without, caused by the contraction of the bulb itself {d). In the

bulbus arteriosus of the sturgeon (Accipenser sturio), the segments are arranged in

three rows of eight each (Plate XXIX. fig. 39 «). They are more delicate, and less

perfectly formed than in the skate. In the bulbus arteriosus of the American

devil-fish {Cejyhalopterus giorna), they increase to thirty-six, are more imperfect

than in any of the others, and are supported by three longitudinal angular mus-

cular columns. As these segment-bearing columns, from their shape, project

into the cavity, so as almost to obliterate it during the contraction of the bulb,

they in this way bring the free margins of the segments together. The orifices of

the bulbus arteriosus, however, are not closed by the imperfect segments referred

to ; these being guarded by two well-formed and fully developed tri-semilunar
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valves, the one of which is situated at the beginning, the other at the ter-

mination of the bulb. In the bulbus arteriosus of the grey shark {Galeus

communis'', we have a slightly different arrangement, the two rows of segments

of which the valve is composed being connected to each other by means of

tendinous bands, resembling chordae tendinese (Plate XXIX. fig. 48 a). In

the bulbus arteriosus of the Lepidosteus (Plate XXIX. fig. 40 b), and that of the

basking shark {Selachi maxima, Cuv.), (Plate XXIX. fig. 41 h), the same arrange-

ment prevails ; the segments being stronger and less mobile, and the tendinous

bands which bind the one segment to the other, more strongly marked than in

the grey shark. As the tendinous bands referred to are not in contact with the

wall of the bulbus arteriosus, but simply run between the segments, and are in

some instances, as in the basking shark, very powerful (Plate XXIX. fig. 41 V),

they must be regarded in the light of sustaining or supporting structures ; their

function being probably to prevent eversion of the segments. Other examples

might be cited, but sufficient have been adduced to show, that the nature, as well

as the number and arrangement of the segments, is adapted to the peculiar

wants of the structure in which they are situated ; and it ought not to be over-

looked, that when a multiplicity of segments are met with in an actively con-

tracting organ, the two act together or in unison.

If we now direct our attention to the auriculo-ventricular valves of the fish

and reptile, similar modifications as regards the number of the segments, and

the presence or absence of chordae tendinese and analogous structures, pre-

sent themselves. Thus in the heart of the serpent {Python tigris), the two

crescentic apertures by which the blood enters the posterior or aortic division

of the ventricle, are each provided with a single semilunar valve. The same

may be said of the aperture of communication, between the left auricle and

ventricle of the crocodile (Ci'ocodilus acutus) and of the sturgeon {Accipenser

sturio^ Linn.) In the heart of the Indian tortoise {Testudo Indica, Vosmaer),

the left auriculo-ventricular orifice is guarded hy a single membranous fold, the

right orifice having in addition a slightly yrojecting semilunar ridge, which ex-

tends from the right ventricular wall, and may be regarded as the rudiment

of the fleshy valve which guards the same aperture in birds (Plate XXIX. fig.

45 gli). In the heart of the bulinus, frog-fish, American devil-fish, grey shark,

and crocodile, the auriculo-ventricular orifice is guarded by a semilunar valve

consisting of two cusps or segments ; while in the sturgeon, sun-fish, and others,

it is guarded by four, two larger and two smaller.

So much for the number of the segments constituting the auriculo-ventricular

valves in fishes and reptiles ; but there are other modifications which are not

less interesting physiologically. In the bulinus, frog-fish, and crocodile, the

segments of the valves are attached to the auriculo-ventricular tendinous ring,

and to the sides of the ventricle, and have no chordce tendinece. In the sun-fish
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(Plate XXIX. fig. 43/), the valve is destitute of chordae tendinese likewise; but in

this instance the muscular fibres are arranged in the direction of the freemarginof
the segments of the valve, and no doubt exercise an influence upon them. In the

grey shark the membranous folds forming the segments, are elongated at the

X>arts where they are attached to the ventricular walls, these elongated attach-

ments being more or less split up, so as to resemble chordce tendinew.

In the American devil-fish the semilunar valve consists of two strong well-

developed membranous folds, which, like the preceding, are attached by elongated

processes to the interior of the ventricular wall ; these processes consisting of dis-

tinct tendinous slips, which are attached to rudimentary musculi papillares.

In the sturgeon (Plate XXIX. fig. 37), three tendinous chords (b) from
rudimentary musculi papillares, are seen to extend into the half of each of

the segments ; while in the left ventricle of the dugong, six chords, proceeding

from tolerably wellformed muscidi papillares, are distributed to the back, and

six to the margins of each of the segments. It is, however, in the bird and

mammal, particularly the latter, that the musculi papillares are most fully de-

veloped, and the chordse tendinese most numerous—the number of tendinous

chords, inserted into each of the segments, amounting to eighteen or more (Plate

XXVIII. fig. 33 rr, ss'). As the auriculo-ventricular valves are attached either

to the interior of the ventricle, or to the musculi papillares or carnese columnse,

it is plain that the contraction of the ventricle must influence them to a greater

or less extent. That, however, the presence of muscular substance in no way

interferes with the efliciency of the valves, is proved by the fact, that some valves

are partly muscular and partly tendinous, a few being altogether muscular. Thus,

in the heart of the cassowary, the right auriculo-ventricular orifice is occluded by

a valve, which is partly muscular and partly tendinous ; the muscular part, which

is a continuation of two tolerably well-formed musculi papillares, extending into

the tendinous substance of the valve, where it gradually loses itself. In the

right ventricle of the crocodile (Plate XXIX. fig. 42 r), a muscular valve, resem-

bling that found in the right ventricle of birds, exists.

In birds the muscular valve (Plate XXIX. figs. 45 and 46 ^ A i) is usually

described as consisting of two parts, from the fact of its dependent or free

margin [g) being divided into two portions by a spindle-shaped muscular band

(/i), which connects it with the right ventricular wall (J). As, however, the wall

consists of one continuous fold towards the base {i), and the two portions of the

ma,rgin are applied during the systole not to each other but to the septum

{efe' e"'), it is more correct to say that the valve is single ; the spindle-shaped mus-

cular band representing the musculus papillaris of the right wall of the ventricle

with its attached chordse tendinese.* In the serpent, the opening between the right

* For the relations, structure, and function, of the muscular valve in birds, see paper already

referred to. Phil. Trans, vol. 154, pp. 470-1-2.

VOL. XXIII. PART ITI.

,

9 Z



782 DR PETTIGREW ON THE RELATIONS, STRUCTURE, AND FUNCTION,

and left ventricle, occurs as a spiral slit in the septum (Plate XXIX. fig. 44 r), and

is guarded by two projecting muscular surfaces, which are rounded off for this

purpose. The opening into the left ventricle also occurs as a muscular slit (s)

;

and the orifices of many of the venous sinuses are closed by purely muscular adap-

tations ; the fibres in such instances running parallel to the slit-like opening (Plate

XXVIII. fig. 10), and being continuous with two or more bundles of fibres {b c),

which supply the place of musculi papillares. From the great variety in the

shape and structure of the auriculo-ventricular valves, and from the existence in

almost all of tendinous chords, which connect them with actively contracting

textures, there can, I think, be little doubt, that they possess an adaptive power

peculiar in a great measure to themselves ; this power being traceable to the

contractile properties residing in muscle.

As it would greatly exceed the limits of the present paper, to give a detailed

account of the structure of the numerous auriculo-ventricular valves, to which

allusion has been made, I have selected for description the auriculo-ventricular

valves of the mammal, and those of man more particularly. Before, however,

entering upon this the most difficult part of the present investigation, a brief

account of the an-angement of the muscular fibres in the ventricles seems indis-

pensable ; these, as has been explained, modifying the action of the valves to a

very considerable extent.

Arrangement of the Muscular Fibres in the Ventricles of the Mammal—Shape of

THE Ventricular Cavities, &c.

The fibres of the ventricles in the mammal, as I have ascertained from

numerous dissections,* are arranged in seven laj^ers ; three external, a fourth or

central, and three internal. The fibres constituting these layers in the left ven-

tricle, to which these remarks more particularly apply, pursue a spiral direction ;

the external fibres becoming more and more oblique, in a direction from left to

right downwards, as the central layer is approached—the internal fibres becoming

more and more vertical, in a direction from right to left upwards, as it is receded

from. The fibres, therefore, of corresponding external and internal layers, cross

each other. The fibres of the several layers are further arranged in two sets ; the

two sets, forming each of the external layers, being continuous at the apex and

at the base, with two similar sets belonging to a corresponding internal layer.

This arrangement of the fibres renders the ventricles bilaterally symmetrical, and

in part accounts for the great precision with which the heart acts, and for its roll-

ing movements. Its bearing on the action of the organ is obvious, for as muscular

fibres contract in the direction of their length, the more vertical external and

internal fibres, diminish the ventricular cavities from above downwards, and from

* Of these upwards of an hundred are preserved in the University of Edinbui'gh Anatomical

Museum, where they may be examined. For a detailed description of the specimens, and for

accurate representations thereof, see Phil. Trans, vol. 154, pp. 445-500, Plates 12 to 16.
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below upwards ; the downward movement preceding the upward by an almost

inappreciable interval of time. In that brief space, however, which elapses

between the downward and upward movements, the ventricles, owing to the

contraction of the more circular fibres, are visibly diminished from without in-

wards ; and it is important to note this circumstance, as the auriculo-ventricular

orifices are, at this instant, reduced in size, and the mitral and tricuspid valves,

consequently liable to a certain amount of displacement. The ventricular wall

of the left ventricle, as was known to Gerdy and other investigators, is thickest at

the upper part of its middle third (Plate XXVIII. fig. 35 j), and tapers towards the

apex {w) and base {v') respectively ; and it is interesting to observe that the thickest

part of the ventricular wall, corresponds with the widest portion of the ventricular

cavity, whence the blood is projected into the aorta; a fact of some significance,

since the contractions at this point are necessarily more intense than at any other.

As the two sets of fibres composing the first external layer are continuous at the

left apex with the two sets of fibres forming the carnese columnae and musculi

papillares, and these structures, especially the latter, bear an important relation

to the segments of the bicuspid valve, with which they are connected by the

chordae tendinese, a more minute description than that given of the other layers,

is requisite for clearness. On looking at the left auriculo-ventricular opening

(Plate XXVIII. fig. 30 h), the fibres of the first layer are seen to arise from

the fibrous ring surrounding the aorta (a), and from the auriculo-ventricular tendi-

nous ring (n) in two divisions; the one division {d) proceeding /;-owz the anterior

portions of the rings, and winding in a spiral nearly vertical direction, from before

backwards, to converge and enter the apex posteriorly; the other set (Plate XXVIII.

fig 30/) proceeding from the posterior portions of the rings, and winding in a

spiral direction from behind forwards, to converge and enter the apex anteriorly.

Having entered the apex, the two sets of external fibres are collected together,

and form the musculi papillares and carneae columnse ; the one set, viz., that

which proceeded from the auriculo-ventricular orifice anteriorly and entered the

apex posteriorly, curving round in a spiral direction from right to left upwards, and

forming the anterior musculus papillai-is (Plate XXIX. fig. 50 y), and the carnece

columnce next to it; the other set, which proceeded from the auriculo-ventricular

orifice posteriorly, and entered the apex anteriorly, curving round in a correspond-

ing spiral direction, and forming the posterior musctdus papillaris (Plate XXIX.

figs. 50 and 51 <«), and adjoining carneoe columnce. As the external fibres con-

verged on nearing the apex, so the internal continuations of these fibres radiate

towards the base ; and hence the conical shape of the musculi papillares. I am
particular in directing attention to the course and position of the musculi papil-

lares, as they have hitherto, though erroneously, been regarded as simply vertical

columns, instead of more or less vertical spiral columns.* The necessity for in-

* Plate XXIX. fig. 49, a; y, gives the spiral track of the musculi papillares.
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sisting upon this distinction will appear more evident when I come to speak of the

influence exerted by these structures on the segments of the bicuspid valve. It is

worthy of remark, that while the left apex is closed by two sets of fibres, the left

auriculo-ventricular orifice is occluded during the systole by the two flaps or seg-

ments constituting the bicuspid valve (Plates XXVIII. and XXIX. figs. 28 and 51

m n). The bilateral arrangement, therefore, which obtains in all parts of the ven-

tricle and in the musculi papillares, extends also to the segments of the valve in

question. What has been said of the arrangement of the fibres in the left ventricle,

applies Avith slight modifications to the fibres of the right one ; and many are of

opinion (and I also incline to the belief) that the tricuspid valve, is in reality bicus-

pid in its nature (Plate XXVIII. fig. 34 m n ; and Plate XXIX. fig. 51 g'h). The

shape of the ventricular cavities of the heart of the mammal greatly influences the

movements of the mitral and tricuspid valves, by moulding the blood into certain

forms, and causing it to act in certain directions. It is seen to advantage when the

ventricles are filled with wax or plaster of Paris, and the ventricular parietes re-

moved to expose the casts or moulds thus obtained (Plate XXIX. figs. 50 and 51).

The form of the left ventricular cavity, which I regard as typical, is that of a

cone twisted upon itself (Plate XXIX. fig. 49) ; the twist or spiral running from

left to right of the spectator, and being especially well marked towards the apex.*

The cone tapers slightly towards its base (h), and the direction of its spiral corre-

sponds with the direction of the fibres of the carnese columnar and musculi

papillares (Plate XXIX. fig. 50 xi/). As the two spiral musculi papillares project

into the ventricular cavity, it follows that between them, two conical-shaped

spiral depressions or grooves, are found (Plate XXIX. fig. 49 qj). These grooves,

which are especially distinct, are unequal in size ; the smaller one (Plate XXIX.

figs. 49 and 50/) beginning at the right side of the apex, and winding in an up-

ward spiral direction, to terminate at the base of the external or left and smaller

segment of the bicuspid talve (Plate XXIX. figs. 50 and 51 n) ; the larger groove

(Plate XXIX. fig. 49 q) beginning at the left side of the apex, and pursuing a

similar direction, to terminate at the base of the internal or right and larger seg-

ment (Plate XXIX. fig. 51 m).

Running between the grooves in question, and corresponding to the septal

aspect of the ventricular cavity, is yet another groove, larger than either of the

others (Plate XXIX. fig. 51 q). The third or remaining groove winds from the

interior of the apex posteriorly, and conducts to the aorta {a), which, as the reader

is aware, is situated anteriorly. The importance of these grooves physiologically

cannot be over-estimated, for I find that in them the blood is arranged or

moulded into three sp)iral columns, and that towards the end of the diastole and

the beginning of the systole, the blood in the two lesser ones is forced in two

spiral streams upon the segments of the bicuspid valve, which are in this

* In this description tlie Keart is supposed to be placed on its apex.
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way progressively elevated towards the base, and twisted and wedged into each

other, until regurgitation is rendered impossible (Plate XXIX. fig. 51 m n). When
the bicuspid valve is fairly closed, the blood is directed towards the third

and largest groove, which, as has been stated, communicates with the aorta. The

spiral action of the mitral valve, and the spiral motion communicated to the blood

when projected from the heart, is due to the spiral arrangement of the musculi

papillares and fibres composing the ventricle, as well as to the spiral shape of the

left ventricular cavity. These points are determined in the following manner :

—

When a cast of the interior of the left ventricle is made, by introducing liquid

plaster of Paris into the left ventricular cavity, by means of a tube inserted

into the aorta and reaching to the left apex, it is found, on cutting away the

parietes of the ventricle, that the segments of the mitral valve are borne up on

the plaster,* and wedged into each other on a level with the ventricular orifice.

It is further found, that the two spiral streams of plaster (now spiral columns)

which closed the segments of the mitral valve, merge towards the base, into

the third column, communicating with the aorta. That portion, therefore, of the

left ventricular cavity (Plate XXIX. figs. 50 and 51 o), which corresponds to the

conus arteriosus or infundibulum of the right one (Plate XXIX. fig. 50 ^), is

conical in form. It is moreover furnished with three conical-shaped spiral

depressions, which in the cast appear as conical-shaped sjnral prominences {p 6),

and are continuous with the three spiral columns of plaster proceeding from the

apex of the ventricle. As the apices of the three conical-shaped infundibuliform

prominences referred to are directed between the three segments of the aortic

semilunar valve, the blood from this arrangement must on its onward progress

throw the semilunar segments hastily apart, by causing them to fall back upon the

spirally disposed sinuses of Valsalva (^w^). The spiral channel, which is thus

provided for the blood, is not confined to the heart, but extends for a short distance

into the great vessels. As the semilunar valves are closed by a reverse move-

ment to that by which they are opened, it is not difficult to perceive how the

spiral action of the segments constituting them is induced.

What has been said of the left ventricular cavity and aorta, applies, with slight

alterations, to the right ventricular one and the pulmonary artery (Plate XXIX.
figs, 50 and 51 cz), the cone formed by the right cavity being flattened out and

applied to or round the left.

Intricate Structure of the Mitral and Tricuspid Valves in Mammalia ; Eelations of

the cord^ tendine^ to the segments and to the musculi papillares.

The auriculo-ventricular valves are composed of segments, which differ in

size, and are more or less triangular in shape. They are much stronger than

* In order to see the spiral movement of the segments to advantage, the plaster ought to he
,

made very thin. Should any difficulty occur, the experimenter is recommended to use water until

he is familiar with the phenomena to be obsei'ved.

VOL. XXIIL PART III. ] A
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the segments of the semihmar valves, which in some respects they resemble

in structure as well as function. They are very dense, and quite opaque,

unless at the margins and apices, where they are frequently remarkably thin.

They unite at the base where thickest, to form a ring, which is attached to

one or other of the fibrous rings surrounding the auriculo-ventricular orifices

(Plate XXVIII. fig. 30 nn). The auriculo-ventricular rings, which are consequently

intimately related to the segments, have been variously described, the majority

of investigators regarding them as highly developed structures, which afibrd

attachment, not only to the valves, but to all the fibres of the auricles and

ventricles. A careful examination of the rings in "question in boiled hearts,

has led me to a different conclusion. They afford attachment to the fibres of

the auricles (Plate XXVIII. fig. 35 y d), and to the valves {m w), but to almost none

of tlie fibres of the ventricles {v). They are most fully developed anteriorly, and on

the septum, where they form a dense fibrous investment. The left ring, like

everything else pertaining to the left ventricle, is more fully developed than the

right ; but neither the one nor the other can compare in breadth, or thickness,

with either of the arterial rings {a k). The influence, therefore, which they exert on

the dilatation and contraction of the auriculo-ventricular orifices (Plate XXVIII.

fig. 30 bl) must be immaterial. The position of the segments in the auriculo-ven-

tricular orifices, and their relation to the musculi papillares, is deserving of atten-

tion. On looking into the auriculo-ventricular orifice of the left or typical ven-

tricle, when the clots which usually fill the ventricular cavity have been removed,

it is found to be partially obliterated, by two principal segments ; the one of which

is larger than the other (Plate XXVIIl. fig. 28 m). The larger segment, which is

obliquely suspended between the auriculo-ventricular and aortic openings, occupies

a somewhat internal and anterior position ; while the smaller one (w), which runs

parallel to it, occupies a more or less external and jjosterior position. Between

the principal segments, two smaller accessory segments, are usually found. In

the right ventricle, the principal segments are three in number, and are of dif-

ferent sizes,—the smallest running parallel to the septum ; the largest being

placed anteriorly and inclined to the right side ; the one which is intermediate in

size occupying a more posterior position. These, also, have smaller accessory

segments placed between them. The segments, whatever their size, are attached

by their bases to the auriculo-ventricular tendinous rings (Plate XXVIIL fig. 30

n n'), and, by their margins and apices, to the spiral musculi papillares (Plate

XXVIII. fig. 28 abed), by means of the chordae tendinese.

The segments of the mitral valve, to which the following description, drawn

from an extensive examination of mammalian hearts,* more particularly applies,

* Of the hearts examined may be mentioned those of man, the elephant, camel, whale {Physalus

antiquorum, Gray), mysticetus, horse, ox, ass, deer, sheep, seal, hog, porpoise, monkey, rabbit, and

hedgehos:.
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consist of a reduplication of the endocardium, or lining membrane of the heart,

containing within its fold, large quantities of white fibrous tissue, and, as was

pointed out by Mr W. S. Savory, and after him, by Professor Donders,* of a

moderate amount of yellow elastic tissue. The white fibrous tissue greatly pre-

ponderates, and is derived principally from the chordae tendinese, which split up

into a vast number of brush-shaped expansions, prior to being inserted into the

segments. The fibrous or tendinous expansions, which assume the form of bands,

may consequently be regarded as prolongations of the chordae tendinese. They are

analogous, in many respects, to similar bands in the semilunar valves ; the only

difference being, that in the semilunar valves, the bands referred to, instead

of being free, as in the present instance, are involved in the valvular substance.

(Compare fibrous bands marked in Plate XXVIII. fig, 20, with chordae tendinese

and brush-shaped expansions, marked s in Plate XXVIII. fig. 33). As each

of the segments composing the bicuspid or mitral valve, like the left ventricle

itself, is bilaterally symmetrical, it will be convenient, when speaking of

these structures, to describe, in the first instance, only the half of one of

the segments; and in order to do this the more effectually, it will be neces-

sary to consider each musculus papillaris, as essentially consisting of two

portions ;| a superior and external ijortion (Plate XXVIII. figs. 28 and 33 «),

which gives off tAvo, usually three chordae tendinese (s) to that half of the anterior

segment of the mitral valve {ni) which is next to it ; and an inferior and internal

portion (5), which also gives off" three tendinous chords ; these being inserted into

the adjacent half of the posterior segment in). The three tendinous chords which

proceed from the superior external portion (Plate XXVIII. fig. 31 r), subdivide,

and are inserted, by the brush-shaped expansions spoken of, into the half of

the anterior segment posteriorly, in nine different places. | Of these, three are

inserted into the mesial line of the segment (Plate XXVIII. figs. 31, 32, and

33, r\ viz., into the base {g)^ central portion (/), and apex {e) ; three into the

basal, central, and apicial portion of the free margin (Plate XXVIII. fig. 33 s) ;

and three into intermediate points between the mesial line and the margin

(/). On some occasions, as in the mitral valve of the whale, a slightly different

arrangement prevails ; three chorda3 tendinete being inserted into the mesial line

of the segment at the base, at the centre, and at the apex ; an additional chord

going to the free margin near the apex ; three into intermediate points between

the mesial line and the margin ; a second additional chord going to the central

* Professor Donders describes the yellow elastic tissue as being most abundant in the upper
surface of the segments.

] The musculi papillares in the human and other hearts (Plate XXVIII. figs. 28, 31, and 33
ab, cd) either bifurcate, or show a disposition to bifurcate at their free extremities, so that the division

of the chordae tendinese into two sets is by no means an arbitrary one,

I The number of insertions vary in particular instances. In typical hearts, however, it is re-

markably uniform.
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2)ortion of the margin. A third and independent chord, goes to the base of the

margin. In the whale, as will be observed, the arrangement is virtually the

same as that first given ; the insertions being nine in number,—three into the

mesial line, three into the free margin, and three into intermediate points.

The tendinous chords pursue different directions prior to insertion ; the three

which are inserted into the mesial line of the segment, and are the longest

and strongest (Plate XXVIII. figs. 31, 32, and 33 r), being less vertical

than those which are inserted nearer the margin (r') ; these in turn being

less vertical than the ones inserted into the margin, which are the shortest

and most delicate. The basal chord of each set, on the contrary, is more

vertical than that beneath it, or nearer the apex {x) ; the apicial chords being

more or less horizontal. As there is a disposition on the part of the higher

and more central chordae tendinese (Plate XXVIII. fig. 31 g') to overlap, by their

terminal brush-shaped expansions, those below and to the outside of them, the

segment is found to diminish in thickness from the base (2;) towards the apex {x)

and from the mesial line towards the periphery or margin ; the basal and central

portions of the segment being comparatively very thick, the apicial and marginal

portions very thin (Plate XXVIII. fig. 32 vx)\ so thin, indeed, that in some

hearts, particularly in the right ventricle, they present a cobwebbed appearance.

As the marginal portions form the counterparts of the lunula3 in the semilunar

valves, and are those parts of the segments which come into accurate apposition

when the valve is in action, they are, from this circumstance, entitled to con-

sideration. When a perfectly healthy mitral valve from an adult, or, still

better, from a foetus at the full time or soon after birth, is examined, the

portions referred to are found to be of a more or less crescentic shape {tide

that part of the mitral valve to which the chordae tendinese marked r', fig.

33, Plate XXVIII. , are distributed), and so extremely thin, that the slightest

current in the fluid in which they are examined causes them to move like

cilise. The physiological value of this delicacy of structure, and consequent

mobility, is very great ; as the most trifling impulse causes the marginal parts

of the segments, which are naturally in juxtaposition, to approach towards

or recede from each other. The half of one of the segments of the mitral

valve may be regarded as consisting of a reduplication of the endocardium or

lining membrane of the heart, supported or strengthened in all directions by nine

or more tendinous brash-shaped expansions; these expansions being arranged

in three vertical rows of three each (Plate XXVIII. fig. 33), with much pre-

cision, and according to a principle which is seldom deviated from. In addition

to the reduplication of the lining membrane and the tendinous expansions re-

ferred to, Lancisi,* SENAC,f and Kurschneb, :j: have ascertained that there is a

* De Motu Cordis. f Traite de la Structure du Coeur, livre i. p. 76.

J Wagner's Handvvbrterbucli, art. " Herzthajtigkeit."
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slight admixture of true muscular fibres.* As the tendinous expansions of the

half of the segment described, bifurcate or split up, and run into similar expan-

sions from the other or remaining half of the same segment, to become strongly

embraced in the mesial line ; a complete segment may be described as consisting

of a reduplication of the endocardium or lining membrane, enclosing in its fold

certain muscular fibres, and eighteen or more tendinous expansions; the chordae

tendinese, on which these expansions are situated, proceeding from the anterior and

posterior musculi papillares equally (Plate XXVIII. fig. 28 a c), and pursuing diffe-

rent directions, to meet in the mesial line and form angles (Plate XXVIII. fig. 32)

which become more and more obtuse in a direction from above downwards. When,

therefore, a segment is examined by being held against the light, or by the aid

of a dissecting lens or microscope, it is found to consist of tendinous striae run-

ning transversely, obliquely, and more or less vertically ; the striae of opposite

sides being so disposed that they mutually act upon and support each other; an

arrangement productive of great strength, and one which secures that the seg-

ments shall be at once tightened or loosened, by the slightest contraction or

relaxation of the musculi papillares. The intermediate accessory segments of

the mitral valve, resemble the principal ones, in structure and general configura-

tion. They are, however, comparatively speaking, very thin; and the chordae

tendineae inserted into them differ from those inserted into the principal seg-

ments, in having a more vertical direction, and in being longer and more feeble.

The description given of the bicuspid valve, applies, with trifling alterations in

particular instances, to the tricuspid, if allowance be made for an additional large

segment, and three or more accessory segments. With regard to the smallest, of

the three large segments forming the tricuspid, I have to observe, that in all pro-

bability, it is simply an over-developed accessory segment ; the so-called tricuspid

valve being in reality a bicuspid one (Plate XXVIII. fig. 34 mn). Nor is this to

be wondered at, when it is stated! that the right ventricle, is a segmented portion

of the left, and partakes of its bilateral symmetry even in matters of detail. The

opinion here advanced is by no means new, but it appears to me that the point has

not been sufficiently investigated, and we are in want of statistics regarding it.

In ten human hearts which I examined for this purpose, no less than four

had well-marked bicuspid valves in both ventricles; and on looking over a

large collection of miscellaneous hearts in the Museum of the Royal College

of Surgeons of England, I found that nearly a third of them had the pecu-

liarity adverted to ; if indeed that can be called peculiar which seems to me
to be typical. When two principal segments, with two or more accessory

segments, occlude the right auriculo-ventricular orifice, as happens in Plate

* According to Mr Savory's observations, the muscular fibre is found more particularly at the

•upper or attached border of the valves.

t Phil, Trans., vol. cliv., pp. 464-67.
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XXVIII. fig. 84 mn, the distribution of the chordae tendinese (op) in the

segments is the same as that given when describing the bicuspid of the left

ventricle ; but when there are three principal segments, with as many or

more accessory segments, the distribution is varied to meet the exigencies of

the case ; there being a tendency in each of the chordse tendinese to divide into

three ; one of the chords so divided being inserted by one of its slips into the

mesial line of the segment at the base posteriorly ; by another into the margin

of the segment, likewise at the base ; and by the remaining slip into a point

intermediate between the mesial line and the margin. Other chords, similarly

divided, are inserted at intervals in a direction from above downwards, or from base

to apex (Plate XXVIII. fig. 34 o), the insertions in each case proceeding from the

mesial line towards the margin. In some instances, though more rarely, a mixed

arrangement prevails ; the insertions of the three tendinous slips running from

the mesial line of the segment towards the margin, and from the base to the

apex indiscriminately ; but whatever the arrangement on the one side of a seg-

ment, it is, as a rule, the same on the other, so that one of the segments of a true

tricuspid valve is as symmetrical in its way as a segment of a bicuspid one. The

musculi papillares in the right ventricle of a typical heart, are two in number, as

in the left. When, therefore, the right auriculo-ventricular opening is closed by

a tricuspid valve, an additional origin is required for the chordse tendinese ; and

in such a case these chords spring from the two musculi papillares, and from the

right side of the septum behind the fleshy pons, either from a rudimentary

papillary muscle, or from carnese columniTe, or from the smooth wall of the sep-

tum. The number of papillary muscles in the right ventricle (and the same

remark applies to the left, although not to the same extent) vary somewhat ; the

two typical ones being frequently seen to bifurcate at their free extremities,

and others to spring up in their vicinity. On these occasions the origins of the

chordee tendinese are increased, but this does not materially affect their insertion,

which is remarkably uniform. The tricuspid valve, differs from the bicuspid as

regards actual strength, the segments being comparatively thinner. This deli-

cacy of structure, extends to the chordse tendinese and to the musculi papillares,

in fact, to everything pertaining to the right ventricle ; the walls of M'hich, as is

well known, are only half the thickness of those of the left ventricle. The com-

parative feebleness of the tricuspid valve, is no doubt traceable to the smaller

amount of force it is called upon to withstand, the pulmonic circulation being

less vigorous than the systemic. From the foregoing description, it will be seen,

that the chordse tendinese are inserted into every portion of the bicuspid (Plate

XXVIII. figs. 31, 32, and 38) and tricuspid valves; and as they freely decussate

with each other in all directions, by means of their terminal brush-shaped expan-

sions, and are of infinite variety as regards length and strength ; those at the base

and posterior aspect of each segment being long and exceeding strong ; while those
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at the margins and towards the apices are short, and in some instances as delicate

as hairs, it follows that every part of the valves in question, bears a graduated

relation to, and is under the control and domination of, the conical-shaped spiral

musculi papillares, whose power to contract is now well established.* It is

therefore my impression, and my belief is shared by others, that the chordae ten-

dinese ought to be regarded as the satellites of the actively contracting musculi

papillares, under whose guidance they have to perform, not only a very important

but a very delicate function, and one which could not by any possibility, be

accomplished by a simply mechanical arrangement.

The Mitral and Tricuspid Valves of the Mammal in Action.

The theories which have long divided the attention of physiologists with

regard to the action of the mitral and tricuspid falves, are two in number ; one

sect maintaining, that the valves m^e acted upon mechanicalli/ by the Hood, as if

they were composed of inanimate matter ; the other believing, that they form

imi't of a living system, their movements being traceable to their connection

with the musculi papillares, which are actively contracting structures.

In the mechanical theory, the segments of the valves are supposed to be j!?«s-

sively floated up by the blood, which acts upon them from beneath during the

systole, and brings their edges or free margins into such accurate apposition as

enables the segments completely to occlude the auriculo-ventricular orifices. In

these movements the musculi 2)CLpill<^res and carnew columnw are said to take no

part : the chordae tendinese acting mechanically, like so many stays, to prevent

eversion of the segments in the direction of the auricles.

In the vital theory, on the other hand, the segments of the valves are sup-

posed to be from the first under the contj'ol of the musculi papillares ; these

structures, by contracting, drawing the lips or free margins of the segments closely

together in the axis of the auriculo-ventricular openings, to form two impervious

cones, the apices of which project downwards into the cavities of the ventricles.

In these movements, it is maintained, the Mood takes no part, the chordae ten-

dinese, which are regarded as the proper tendons of the musculi papillares, acting

as adjusters or adapters of the segments
;-f

a function which their varying length

and strength readily enables them to perform.

I need scarcely add, that these theories are diametrically opposed to each

* Dr John Reid states from experiment, that the carneae columnse. act simultaneously witli the
other muscular fibres of the heart, and that the musculi papillares are proportionally more shortened
durmg their contraction than the heart itself taken as a whole. He attributes this to the more
vertical direction of the musculi papillares, and to their being free towards the base and in the direc-
tion of the ventricular cavities.

—

Cyc. of Anat. and Fhy., art. " Heart," p. 601. London, 1839.

•f*
In one specimen which I dissected, the chordae tendineoe contained a large amount of muscular

fibre, and were so thickened as to resemble rudimentary musculi papillares.
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other. The vital theory which was espoused by Mayo and Bouillaud,* has been

defended with great abiUty by Dr John REiD,f who says, that if the lips of the

valves were merely floated up to the orifice, a greater quantity of the blood

would regurgitate into the auricles during the systole of the ventricle than if

the lips were assisted or brought together by an active force. This author

alludes to, and very properly attaches considerable importance to the fact, that

the musculi papillares to which the valves are attached by the chordse tendinese,

contract with the other portions of the ventricular walls. He also points out the

uniform position and course of the musculi papillares and chordae tendinese, and

shows, as bearing directly upon the question, how the chordse tendineae in the

left ventricle pass from each musculus papillaris to both lips of the mitral valve.

One statement, however, made by him requires to be noticed. When speaking

of the mitral valve he says, that the lip of the posterior or smaller segment

though it maybe drawn inwards so as to meet that of the larger and more move-

able one, is so bound down as to he scarcely capable, in most cases, of beingfloated

up on a level ivith the oriflce. I have examined a large number of hearts, young

and old, human and otherwise, with a view to determine this point, and in no

instance do I remember an example where the peculiarity adverted to was

observable. The anterior or larger segment, from its attachments and shape,

naturally rises higher, just as the anterior and septal segments of the tricuspid

valve for similar reasons, rise higher than the posterior segment ; but in every

case, the posterior or smaller segment rises sufficiently high, not only fairly to

meet the anterior and larger one, but if a sufficiency of pressure is exercised,

to protrude in an upward direction, so as to form a convexity which encroaches

upon the left auricular space.

In the valvular controversy, as in most others, a certain amount of truth is

to be found on either side; and I have to express my conviction, that both

theories (conflicting though they appear) are virtually correct as far as they go,

but that neither the one nor the other is sufficient of itself to explain the gradual,

and to a certain extent self-regulating process, by which the auriculo-ventricular

valves are closed and kept closed. On the contrary, I believe that the closure is

effected partly by mechanical and partly by vital means. In other words, that

the blood towards the end of the diastole and the beginning of the systole forces

the segments in an upward direction, and causes their margins and apices to be

so accurately applied to each other as to prevent even the slightest regurgita-

tion; whereas, during the systole, and towards the termination of that act,

the valves are by the contraction of the musculi papillares, dragged down by

* These investigators proposed to call the musculi papillares the tensor, elevator, or adductor

muscles of the valves.

f Op. cit. pp. 361, 362. i
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the chordae tendineiie into the ventricular cavities to form two dependent cones

;

this downward movement of the segments permitting the blood in the auricles to

descend into the ventricles, so as to relieve the congestion of the former.

Granting that the foregoing hypothesis is correct, there is yet another point

as to the manner of the closure, to which I am particularly anxious to direct at-

tention, as it is of primary importance, and appears to me, by some unaccountable

means, to have hitherto escaped observation. I refer to the spiral form assumed

by the blood in the ventricular cavities, which,'as has been already partially ex-

plained, causes it, towards the end of the diastole and the beginning of the systole,

to act in spiral waves mechanically (Plate XXIX. fig. 49 / q) on the segments, with

the effect of twisting and wedging them into each other in a sjnral upward direction

(Plate XXIX. fig 51 m n, and figs. 53 and 54 m i n, rs). I allude, also, to the spiral

course pursued by the musculi papillares (Plate XXIX. figs. 49 and 50 X2/) ; these

structures, as the systole advances, contracting in such a manner as occasions the

spiral descent of the segments into the ventricular cavities (Plate XXIX. figs. 52

and 55 mn, rs), to form two s^nral dependent co7ies, the apices of which are directed

towards the apices of the ventricles. As the decrease of the blood in the ventricles

is followed, as has been stated, by a corresponding increase in the auricles ; the

blood in the latter assists in keeping the free margins and apices of the segments

from being everted by the uniform pressure exercised on them by the blood in

the former, during the systole. From this account of the closure of the auriculo-

ventricular valves, it will be perceived that the valvular segments form two

moveable partitions or septa, which rise and fall during the action of the heart,

in the same way that the diaphragm rises and falls during the respiratory efforts.

The advantages arising from such an arrangement are very great. When the ven-

tricles arefull ofblood, and the auricles empty or comparatively so, the valvular septa

are convex towards the base of the heart, and protrude into the auricular cavities.

When, however, the aiiincles are fidl of Mood, and the ventricles all but drained of

it, the valvular septa descend so as to protrude in a downward or opposite direc-

tion. Certain portions, therefore, of the auriculo-ventricular cavities are common
alike to the auricles and to the ventricles ; and it is important to note this fact, as

the valvular septa by their rising and falling, at one time increase the size of the

ventricular cavities while they diminish the auricular ones, and vice versa. The
principal object gained by the descent of the segments into the ventricles is

the diminution of the ventricular cavities towards the base ; the dependent cones

formed by the valves fitting accurately into the conical-shaped interspaces situated

l)etween the slanting heads of the musculi papillares and the auriculo-ven-

tricular tendinous rings. As the musculi papillares, on the contraction of the

ventricles, mutually embrace and twine round each other, the obliteration of

the ventricular cavities is by this arrangement rendered very complete. " That
the ventricles empty themselves during the systole, is rendered probable
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from analogy, for on watching the hearts of cold-blooded animals, they are

found towards the end of the contractile act to become quite pale, not, as Harvey

supposed, from the blood being pressed out of the parietes, but from the blood

in their cavities seen through their transparent sides being almost entirely

expelled." An important inference to be deduced from the spiral nature of

the ventricular fibres and ventricular cavities and the undouhted spiral action

of the auriculo-ventricular valves is the effect produced on the blood as it leaves

the ventricles, that fluid being unquestionably projected by a wringing or twist-

ing movement, which communicates to it a gliding sinral motion. This view is

favoured by the spiral inclination of the sinuses of Valsalva to each other, these

structures gradually introducing the blood so projected into the A^essels, How far

the rotatory movement referred to, extends into the arteries, is difficult to deter-

mine; but when the smooth cylindrical nature of the vessels, and the great

velocity and force with which the blood travels, is taken into account, there is

every reason to suppose that the distance is considerable.

The Mechanical a7id Vital TJieories of the Action of the Mitral and Tricuspid Valves

considered.

That the theory which attributes the closure of the auriculo-ventricular

valves to the mechanical floating up of the segments from beneath by the blood,

forced by the auricles* into the ventricles, distending equally in all directions,!

is of itself inadequate to explain all the phenomena, is, I think, probable from

analogy and the nature of things ; for if a merely mechanical arrangement of parts

was sufficient for the closure of the gradually contracting auriculo-ventricular

orifices, then, it may be asked, why were these apertures in birds and mammals

not furnished with sigmoid or semilunar valves* similar in all respects to those

met with in the veins and arteries ? The answer to this question is no doubt to

be found in the nature of the structures in which the valves are situated, as well

as in the circulation itself. In the veins, as is well known, the movements of the

blood are sluggish—the contraction of the vessels being feeble, and not conse-

quently calculated to interfere to any great extent Avith the closure of the valves.

In the arteries, where the circulation is more vigorous, and the contractions of the

vessels more decided, the valves are surrounded by dense fibrous rings, which

protect them alike from the contractions of the ventricles, and the contractility

* According to Harvey, Lower, Senac, Haller, and others, tlie auricles contract with a very

considerable degree of energy.

f
" In a quantity of fluid submitted to compression, the whole mass is equally affected and

similarly in all directions."

—

Hydrostatic Law. Dr George Britton Halford attributes the

closure of the auriculo-ventricular valves entirely to the pressure exercised by the auricles on the

blood forced by them into the ventricles. That, however, this is not the sole cause, will be shown

further on.
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and elasticity of the vessels. In the bulbus arteriosus of fishes, where the area

of activity of the valves is not thus circumscribed, and where they are exposed

to the influence of muscular contraction, the segments are not only inc7'eased

in mimbe?', but cliordce tendinece, in the shape of tendinous bands, begin to make

their a'piyearance. In the auriculo-ventricular valves of fishes and reptiles,

chordcB tendinece in various stages of development occur, these being attached to

the interior of the ventricle to more or less fidly developed muscidi papillares ;

the musculi papillares, which occur only in the reptilia, being in no instance

so well marked as in the ventricles of the aves and in the mammalia. As we
thus rise in the scale of being, and the requirements of the circulation become

greater, it will be observed that the relation of the segments to actively contracting

structures, becomes more and more defined. In the ventricle of the fish, as I

pointed out, the fibres proceed in wavy lines from base to apex, and from apex

to base, from without inwards and circularly ; so that the organ contracts and

dilates very much as one mould shut and open the hand. In the reptilia, the

external and internal fibres pursue a slightly spiral direction—^/^e ventricles

rotating more or less when in action. In the cold-blooded animals, moreover, as

every one is aware, the circulation is languid or slow, so that an arrangement

of valves similar in some respects, though more complex than that which exists

in the veins and venous sinuses and in the arteries, amply suffices. In the hearts,

however, of the warm-blooded animals, where the ventricles are composed entirely

of spiral fibres, and where the circulation, on account of the sudden twisting

and untwisting of the fibres is very rapid., a system of valves, which will act with

greater rapidity and precision, is absolutely necessary. But functional precision

implies structural excellence ; and hence that exquisite arrangement of parts in

the auriculo-ventricular valves of mammals, whereby every portion of every

segment (by reason of the ever varying length and strength of the chordae

tendineee) bears a graduated relation to the musculi papillares and carnese

columnse. Although the partial closing of the valves during the diastole may be,

and is occasioned by the uniform expansion of the blood owing to the force

exercised upon it by the contraction of the auricles, still it must be evident to all

who reflect, that this cause is not of itself adequate to the complete closure, and

for a very obvious reason. The blood, which is the expanding force, derives its

power solely from the contraction of the auricles, and enters the ventricular

cavities by the auriculo-ventricular orifices. Once in the ventricles, however,

the blood has no inherent expansive power, by which it can of its own accord

entirely shut off or close, the apertures by which it entered. This act, as I shall

show presently, requires for its consummation, the force exercised by the con-

traction of the ventricles at the commencement of the systole. Admitting, how-

ever, that the expansion of the blood was adequate to the closure of the auriculo-

ventricular valves at one period,—say at the end of the ventricular diastole,
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when the ventricles are full of blood and the auriculo-ventricular orifices widest,—

it is scarcely possible that it could keep them closed towards the end of the

systole, when the auriculo-ventricular orifices are greatly diminished in size and the

blood itself all but ejected. A regulating and motor power, therefore, in addition

to the blood, for adapting the different portions of the segments of the valves to

the varying conditions of the auriculo-ventricular orifices and cavities during

the systole, seems requisite. Such a power, in my opinion, resides in the conical-

shaped spiral musculi papillares with their proper tendons—the chordse tendinese.

That the theory which ascribes the closing of the auriculo-ventricular valves,

entirely " to the contraction of the musculi papillares," is likewise of itself in-

sufficient, appears for the following reasons :

—

1^^, If the valves which, at the commencement of the ventricular diastole, hang

free in the ventricular cavities, and are undoubtedly floated mechanically upwards,

so as to have their edges approximated by the blood towards the termination of

that act, were dragged upon at the instant of contraction from above downwards,

or in an opposite direction to that in which the force by which they were brought

together acts, the segments of the valves, instead of being further approxi-

mated, would inevitably be drawn asunder, and regurgitation to a fatal extent

supervene.

2d, By such an arrangement as Dr Halford has satisfactorily shown, the

cavities of the ventricles would not only be materially diminished at a very in-

convenient time,* but a certain amount of the force required for the expulsion of

the blood from the ventricular cavities, would be expended in closing the valves.

While, therefore, it seems essential for the apj roximation of the auriculo-ventri-

cular valves, that they should first ascend with the ascending columns of blood

occasioned by the injection of the ventricles by the auricles, so as to have their

margins gradually and accurately approximated, in order that when the contrac-

tion of the ventricles takes place, they may be instantly closed,-|- thereby effect-

ually preventing regurgitation ; so, for their continued closure, it seems necessary,

* Dr Halford states lils belief, " that tlie segments of the valves are forced even beyond the

level of the auriculo-ventricular orifices, and in this way become convex towards the auricles, and
deeply concave towards the ventricles." In his zeal for the enlarged accommodation of the ventricles,

he forgets that the auricles are equally entitled to consideration, and that it is unfair to give to the

one and take from the other ; for if, as he argues, the segments of the valves form a convex partition,

whose convexity throughout the entire systole of the ventricle points in the direction of the auricles,

the space beyond the level of the orifices is appropriated from the auricles without compensation. As,

however, such an arrangement could not fail materially to inconvenience the auricles, when they

are fullest of blood, we naturally turn to the ventricles for redress. The additional space required

is, as I have already shown, supplied by the descent of the segments of the bicuspid and tricuspid

valves towards the end of the systole when the ventricles are almost drained of blood.

—

On the

Time and Manner of Closure of the Auriculo-ventricular Valves. Churchill, London, 1861.

f The mai-gins of the segments of the valves at the end of the ventricular diastole are so close

as to be nearly in contact. The slightest amount of pressure, therefore, sufiices for the instantaneous

closure. As, moreover, regurgitation is prevented in proportion to the rapidity with which the

closure is effected, the efficiency of this ari-angement is at once apparent.
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in the second place, that they should descend with the rapidly decreasing columns

of blood occasioned by the uniform and continued contraction of the ventricles

and musculi papillares, in order that they may adapt themselves to the reduced

size of the auriculo-ventricular orifices, and in order that the ventricular cavities

may be diminished towards the base, as well as in every other direction. My belief

consequently is, that the valves, like the ventricles themselves, have a passive and

an active state ; and another which, while it is neither strictly passive nor active,

may, for the sake of distinction, be regarded as the neutral state. The passive

state, corresponds to the diastole of the ventricles ; the active state, to the systole

;

and the neutral or intermediate state, to that brief period which embraces the

termination of the diastole and the commencement of the systole.* As, however,

the action of the valves, is, to a certain extent, dependent upon, and induced by

the action of the ventricles, the following slight differences as regards time, are to

be noted. The passive state of the valves corresponds to that period in which

their segments are floated meclianically upwards, and their margins partially

approximated (Plate XXIX. figs. 52 and 55 mn^ rs) by the blood forced by the

auricles into the ventricles, during the dilatation of the latter ; the neutral state, to

that almost inappreciable interval which succeeds the sudden contraction of the

ventricles, in which the blood set in motion is arranged in spiral columns, and

acts in such a way as not only instantly closes the valves (Plate XXIX. figs.

53 and 56 mn, rs), but screws and wedges the segments thereof, into each other,} in

an upward spiral direction (Plate XXIX. figs. 54 and 57 mn, rs). The active

state, corresponds to the period occupied by the progressive contraction of the

ventricles. During this period, the valves are dragged forcibly downwards hy the

contraction of the musculi papillar^es, in an opposite direction to that hy which they

ascended ; and are twisted i7ito or round each other, toform spiral dependent cones.

In the active stage, as in the neutral, the blood acts from beneath, and keeps the

delicate margins and apices of the segments of the valves, in accurate contact.

That the foregoing is the true explanation of the gradual approximation and con-

tinued closure of the auriculo-ventricular valves, there can, I think, be little doubt,

both from the disposition and structure of the parts, and from experiment. If,

e.g., the coagula be carefully removed from perfectly fresh ventricles, and two

tubes of appropriate calibre be cautiously introduced past the semilunar valves,

and securely fixed in the aorta and pulmonary artery, :j: and the preparation be

* In speaking of the closure of tlie valves, it is of great importance to remember, that the action,

although very rapid, is a strictly progressive one, and necessarily consists of stages. In this, how-

ever, as in many other vital acts, it is often very difficult (if not indeed impossible) to say precisely

where the one stage terminates and the other begins.

"I"
This act takes place just before the blood finds its way into the aorta and pulmonary artery,

the amount of pressure required for shutting and screwing home the auriculo-ventricular valves being

less than that required for raising the semilunar ones.

\ Strictly speaking, the tubes should be introduced into the auriculo-ventricular orifices, as it

is through these apertures that the blood passes during the dilatation of the ventricles. As, however^
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sunk in water until the ventricular cavities fill, it will be found, when one of the

tubes,* say that fixed in the aorta, is carefully blown into, that the segments of

the bicuspid valve roll up from beneath in a spiral direction (Plate XXIX. figs.

52 and 55 rs), in a progressive and gradual manner ; each of the two larger or

major segments, by folding upon itself, more or less completely, in a direction from

within outwards, forming itself into a provisional or temporary cone, the apex of

which is directed towards the apex of the left ventricle {^rst stage, in which the

crescentic margins and aj)ices of the segments are sloivly approximated hj the uniform

expansion of the Hood forced into the ventricle by the auricle). As the pressure

exerted by the air is gradually increased, and the action of the valve is further

evolved, the segments, folded upon themselves as described, are gradually elevated,

until they are on the same plane with the auricido-veniricular fihrous ring ; where

they are found to be wedged and screwed into each other, and present a level

surface above (Plate XXIX. figs. 53 and 56 rs).

At this, the second stage of the closure, the crescentic margins of the segments

are observed to be accurately applied to each other, to form two perpendicular

crescentic walls., which accord in a wonderful manner with similar walls formed

by the union of the semilunar valves ; in fact, the manner of closure is, to a

certain extent, the same in both ; the segments in either case, being folded upon

themselves by the blood, and presenting delicate crescentic margins, which are

flattened against each other, in proportion to the amount of pressure employed.

When the crescentic margins of the segments, are so accurately applied to each

other as to become perfectly unyielding, and the distending process is carried

beyond a certain point, the bodies or central portions of the segments bulge in an

upward or downward direction as happens ; the segments of the mitral valve,

protruding into the auricle (Plate XXIX. figs. 54 and 57 rs) ; those of the semi-

lunar one, into the ventricle (Plate XXVIII. figs. 27 and 28 vmx).

This completes the first and second stages of the process, by which the mitral

or bicuspid valve is closed ; but the more important, as being the more active

and difficult, is yet to come. This consists in adapting the segments of the valve., to

the gradually diminishing auriculo- ventricular orifice ; and in dragging them down into

the left ventricular cavity, to diminish the ventricle towards the base. By this

act, the segments, as has been shown, are made to form a spiral dependent cone,

an arrangement which renders the obliteration of the ventricular cavity towards

the base, a matter of certainty.

The third stage of the closure of the mitral valve, entirely differs from the

the insertion of tubes, however small, into the anriculo-ventricular openings would necessarily prevent

the complete closure of the valves, there is no good reason why the plan recommended in the text

should not be adopted.

* Thin metallic tubes with unyielding parietes are best adapted for this purpose, as they can

be readily fixed in the vessels, and the amount of pressure exercised by the breath on the valves

asily ascertained.



OF THE VALVES OF THE VASCULAR SYSTEM IN VERTEBRATA. 799

first and second stages ; inasmuch as the chordae tendinese, on the contraction of

the muscnli papillares, drag the segments in a downward direction, to adapt them

to the altered conditions of the auriculo-ventricular orifice, and ventricular cavity.

That this downward movement, actually takes place, is proved as follows. If a

portion of the fluid be withdrawn by applying the mouth to the tube in the aorta,

so as to create a certain amount of suction, the segments of the bicuspid valve, are

found gradually to descend in a spiral direction (Plate XXIX. figs. 52 and 55 r s) ;

forming, as they do so, a spiral cone, whose apex becomes more and more defined

in proportion as the suction is increased ;' the water in the interior keeping the

margins of the segments, accurately in apposition, and thereby maintaining the

symmetry. If, again, the musculi papillares, be cut out of the ventricular walls

and made to act in the direction of their fibres, i. e., in a spiral direction from left

to right downwards ; they will be found, in virtue of being connected by the

chordae tendinese more or less diagonally to either segment of the bicuspid valve,

to act simultaneously on that side of the segment which is next to them; the

musculus papillaris marked « 5 in fig. 31, Plate XXVIII., acting spirally on the

margin and apex (x) of the larger or anterior segment, in the direction of the

arrow near it; that marked cd^ acting spirally on the margin and apex (v) of the

smaller or posterior segment, in a precisely opposite direction. (Compare direc-

tion of arrows marked a and d.) The efiect of these apparently incongruous

movements, on the segments, is very striking.

The space which naturally exists between the segments (Plate XXYIII. fig.

31 D a;; fig. 28 m n), and which corresponds to the distance between the points

of origin of the two sets of chordae tendineae {a and J), is gradually but surely

diminished, and the segments twisted into or round each other.

This arrangement, I may observe, while it facilitates the spiral movement

adverted to, absolutely forbids any other.

It is rendered perfect by the pressure exercised on the delicate margins of

the segments by the spiral columns of blood as already explained.

One complete closure of the mitral or bicuspid valve, may therefore be briefly

stated, as follows :

—

The segments, are first floated gently and gradually upwards, by the uniform

expansion of the blood forced into the left ventricle, during the diastole, by the

contraction of the left auricle. TJiis is a purely mechanical act^ and during its

performance the valve^ and chordce tendinew, are entirely passive. When, however,

the ventricle suddenly contracts, the margins of the valve, which were in

apposition, although not in actual contact, are rapidly approximated (the left

auriculo-ventricular opening being instantly closed*) ; and the two spiral columns

* Regurgitation (as has been already stated) is prevented in the inverse of the rapidity with

which the closure takes place.
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of blood set suddenly in motion by the ventricular systole, force the segments of

the valve^ in an upward spiral direction^ rendering them tnore and more tense

until they reach the level of the ventricular orifice ; at which pointy they are twisted

and wedged into each other ; the chordae tendineae limiting the amount of upward

motion, to prevent retroversion and regurgitation. As, however, the blood

finds its way through the aorta, which it does the instant the segments of the

valve are screwed home,* the segments gradually hut rapidly descend in an opposite

direction to that hy which they ascended, their descent being occasioned, regulated, and

minutely graduated hy the contraction of the musculi papillares aided hy the chordce

tendinece and hy the ascending spiral columns of hlood ; an arrangement which insures

that the delicate margins of the segments, are always closely and accurately

applied to each other ; for the chordae tendineae and the blood in the auricles act-

ing from above, while the spiral columns of blood in the ventricles act from beneath,

the delicate margins in question, are effectually prevented from falling towards

the ventricular walls.f This downward action of the valve, musculi papillares,

and chordae tendineae, which is of essential importance in adapting the former to

the diminishing condition of the left auriculo-ventricular orifice and ventricular

cavity, continues until the blood is completely ejected, and the segments of the

valve are twisted or plaited into each other to form a dependent spiral cone,

whose apex, is directed towards the apex, of the ventricle. By the time this

happens, i. e., by the time the blood is ejected from the ventricle, and the cone in

question fairly formed, the left auricle is distended ; and due advantage being

taken of the extra space aftorded by the descent of the valve, the blood assumes

a spiral and conical or wedge-shaped form, which is the best possible for pushing

aside the segments, already in the most favourable position for falling away from

the ventricular axis, towards the ventricular walls. The same phenomena are

repeated with unerring regularity, with each succeeding action of the heart.

What has been said of the manner of closure of the mitral or bicuspid valve,

applies, I need scarcely add, with slight modifications to the tricuspid.

Eesume.

The points which have been more particularly dwelt upon in the present

investigation, and on which the writer has endeavoured to throw additional light,

are these :

—

* When the segments of the mitral valve are screwed home, the whole force of the ventricular

contraction is expended in raising the aortic semilunar valve, and until the screwing home has taken

place, the latter action is impossible, as the ventricle up till this point is compressible.

\ The serious results which might arise from the segments of the valve falling towards the

ventricular walls, or away from the axis of the cavity, is especially prevented by the attachments of

the chordae tendineae ; the principal and more internal chordse tendineas (Plate XXVIII. fig. 33 r s)

being, as I have shown, attached to the backs or more external surfaces of the segments, an arrange-

ment which makes their rapid approximation towards the ventricular axis inevitable.
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Fii'st, An attempt has been made to point out the intimate structm*al rela-

tion, existing between the veins, and venous valves ; how the segments of the

venous valves are composed principally of white fibrous and yellow elastic tissue

arranged in at least three well-marked directions ; and how the segments are so

disposed, that their free margins, unless when the blood is actually passing

between them, are always more or less in apposition. An attempt has also been

made, to demonstrate the nature of the apposition, by the employment of plaster

of Paris, injected while in the fluid state into the distal and proximal extremities

of the vessels. In the veins, as was pointed out, the closure is to a great extent

mechanical; the segments, when two are present, being forced together in the

mesial plane of the vessel, by the contraction of its walls, but principally by the

weight of the refluent blood.

Secondly, The structure and relations of the arterial or semilunar valves,

particularly in man, have been examined afresh ; a more precise description than

that hitherto given of the segments in systematic treatises on anatomy having

been essayed. The great vessels have further been shown to bifurcate at their

origins, and to be greatly thickened between the segments, which they support

and incline towards each other—an arrangement calculated to bring the free

margins of the segments more or less closely together, unless when pushed

aside by the advancing column of blood during the systole. The sinuses of

Valsalva have, in addition, been shown to vary in size ; the one curving towards

the other in a spiral direction, and causing the blood to act in spiral waves

upon the segments of the semilunar valves, which by this means are twisted and

wedged into each other, when the reflux occurs. In the arteries, the action of tlie

semilunar valves, as has been explained, is for the most part mechanical, the strong

fibrous rings situated at the aortic and pulmonic orifices, tending to counteract

the inconvenience, which might be supposed to result from an excess of vital

contractility in the vessels, and the ventricles. The arterial semilunar valves,

may be said to differ from the bi-semilunar venous ones, in having their segments

wedged together by a spiral movement, which in the venous valves, is little more

than indicated.

Thirdly^ The bulbus arteriosus of fishes, has been shown to be a contractile

organ, and to contain in its interior a system of valves, the segments of which, are,

as a rule, more numerous than in either the veins or arteries. They have, in

some instances, tendinous bands, resembling chordte tendinese, running between

them ; and are for the most part, arranged in tiers ; so that the blood which is

not caught by the one set, falls into, and is supported by the next. The action of

these valves, as will readily be inferred, is partly mechanical, and partly vital ; for

the contraction of the bulb must be regarded as contributing to the closure.

They are, therefore, an advance upon the valves of the veins and arteries, both

as regards their number, and the manner of their closure.
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Fourthly, In the reptiles, as has been demonstrated, the valves are partly

tendinous, and partlij muscular ; while in the right ventricle of the bird, they are

altogether muscular. Here, then, may be witnessed the first trace of a self-

regulating power

—

actively contracting muscidar fibre, taking the place of non-

contractilefibrous tissue.

In the auriculo-ventricular valves, there is immense variety ; these including

most of the forms referred to, and others exhibiting a still higher degree of differ-

entiation. They are, for the most part, characterised by the presence of chordae

tendinea?, which connect them with the interior of the ventricles, or the structures

arising therefrom ; viz. the carnese columnse and musculi papillares. The auriculo-

ventricular valves, therefore, differ from the semilunar valves proper. In some

instances, only one semilunar flap is present ; and this may be either altogether

fibrous, or partly fibrous and partly muscular, or altogether muscular. In a

second, there are two flaps or segments, so arranged that their long diameters

correspond to the direction of the muscular fibres lining the ventricular cavity ; the

segments being continuous with the muscularfibres referred to. In a third, the two

segments are attached to the interior of the ventricle by rudimentary chords ten-

dinew. In a fourth, two accessory or smaller segments, are added to the two

principal ones ; the whole being attached by ivell developed cliordcc tendinece to rudi-

mentary muscidi papillares. In a fifth, which is the most perfect form of valve,

as it exists in man and in the higher mammalia, the segments are from four to

six in number, most exquisitely and symmetricallyformed., and attached by minutely

graduated chordce tendinece to highly developed cameos columnoe and spiral mus-

culi papillares.

The action of the auriculo-ventricular valves, owing to the want of uniformity

in the number, structure, and relations of their segments, is varied. It is, how-

ever, on all occasions, carefully adapted to the wants of the circulation, and to

the configuration of the ventricles and ventricular cavities ; these cavities, as

has been pointed out, adapting or moulding the blood, and causing it to act in

given directions. Thus in the fish, where the circulation is slow, and where the

ventricle is conical in shape, and composed of fibres interlacing in all directions,

the segments, where two are present, are forced towards each other by the uniform

expansion of the blood, and by the contraction of the ventricles, in a manner

analogous to that by which the segments of the bi-semilunar venous valves are

approximated by the retrogressive movements of the slowly advancing venous

blood, assisted to a slight extent by the vital contractility of the vessels.

In the reptile, where the circulation is also languid or slow, the shape of the

ventricle, owing to the fibres pursuing a more or less spiral direction, is that

of a cone slightly twisted upon itself. As the spiral arrangement extends

also to the valves, their action may be aptly compared to that which obtains

in the valves of the largest veins, and in the arteries. It is, however, in the
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auriculo-ventricular valves of the bird and mammal, that the spiral action of

the segments becomes most conspicuous ; the nature of the action being unavoid-

ably determined, by the unmistakably spiral arrangement of the muscular fibres

composing the ventricles, and by the spiral nature of the musculi papillares and

ventricular cavities. As, however, the action of these valves, has been already

explained at great length, further allusion to them at this stage is unnecessary.

The valves of the vascular system of the vertebrata, as will be perceived

from this summing up, form a progressive and gradually ascending series ; the

valves in the veins exhibiting a lower type than those in the arteries ; the valves

in the arteries, being less fully developed than the valves occurring in the

bulbus arteriosus and in the auriculo-ventricular orifice of the fish ; the valves

in the fish, being less highly differentiated than the valves in the reptile and

bird ; these again falling short both in complexity and adaptive power to those

met with in the mammal. In the mammal the valvular arrangements may be

said to culminate.

Descri2ytion of the Plates.

Plate XXVIII.

Figs. 1 and 2. External Jugular Veins of Horse inverted. Show valves, consisting of two (d e),

three (a b c), and four {/g h) segments. (See pp. 763, 764.)

Fig. 3. Section of External Jugular Vein of Horse. Shows valve, consisting of two segments (ah),

with dilatations [g), corresponding to the sinuses of Valsalva, in the arteries. (See pp. 763,

764, 767.)

Fig. 4. External Jugular Vein of Horse opened. To show the relations of the segments (a b)

above (r e). (See p. 763.)

Fig. 5, Portion of Femoral Vein distended with plaster of Paris. Shows dilatations (hg) in the

course of the vessel corresponding to the position of the valve. (See p. 765.)

Fig. 6. Shows Venous Valve, consisting of two segments (ab), in action. (See p. 767.)

Fig. 7. The same, not in action. (See p. 763.)

Fig. 8. Venous Valve from External Jugular of Horse, consisting of three segments. (See p. 764.)

Fig. 9. Venous Valve, consisting of one segment, situated at the entrance of a smaller into a larger

vein. (See p. 763.)

Fig. 10. Venous Sinus from Auricle of Heart of Sturgeon. (See p. 782.)

Fig. 11. Femoral Vein distended with plaster of Paris. Shows venous valves in action, where a

smaller vessel enters the larger one (a 6), and in tlie main trunk (a' 6'). (See pp. 767, 768.)

Fig. 12. Vertical Section of Vein distended with plaster of Paris, Shows the nature of the union

between the segments (e). (See p. 767.)

Fig. 13. The same, the section being carried between (e) instead of across or through the segments.

(See p. 767.)

Figs. 14, 15, and 16. Show the Structure of the Venous Valves. (See p. 766.)

Fig. 17. Section carried through Pulmonary Artery and Right Ventricle of Human Heart, between

the segments of the semilunar valves (5). Shows the variation in the thickness of the

vessel (a 6), and how it bifurcates (rr') at its origin. (See p. 770.)

Fig. 18. A simihir section, carried through the middle of one of the segments (5). Shows how the

Pulmonary Artery (a 6) behind the segments diminishes in thickness in a direction from
above downwards (i). See p. 770.)
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Figs. 19, 20, 21, 22, 23, and 24, Show the Structure of the Semilunar Valves in the Human Pul-

monary Artery. (See pp. 772, 773, 774, 775.)

Fig. 25. Human Semilunar Valve distended with plaster of Paris, and one of the segments (g) re-

moved, to show the precise shape of the lunulse, or opposing surfaces (6 b'), between which
imioa takes place when the valve is in action, (See pp. 776, 777.)

Fig. 26. Shows the spiral relation of the Sinuses of Vals.vlva to the segments (y w x) of the semi-

lunar valve in the Human Pulmonary Artery, and how the segments are spirally wedged
into each other, and fixed by six non-symmetrical semilunar surfaces, to form three per-

pendicular crescentic walls [r s o). Seen from beneath. (See pp. 776, 777.)

Fig. 27. Shows the Semilunar Valves in the Heart of the Sheep {y w x) distended with plaster of Paris,

or as they appear in action, together with the spiral nature of that action. (See pp. 776,

777.)

Fig. 28. Shows the same in the Aorta {y w x) of the Human Heart, and in addition, the bifid nature

of the musculi papillares (a 6, cc/), and the distribution of the chord* tendinese to both

segments of the mitral valve (inn). (See pp. 776, 777, 787, 788, 789.)

Fig. 29. Vertical Section carried through the Aorta and through the middle of one of the segments

of the Semilunar Valve of the Whale. Shows the variation in the thickness of the vessel

(ce), and the structure of the semilunar valve (ars' o). (See pp. 770, 773, 774.)

Fig. 30. Shows Arterial and Auriculo-ventricular Orifices, with their fibrous rings (x v n n'). (See

pp. 769, 770.)

Fig. 31. Human Mitral Valve, Chordae tendineae, and Musculi papillares inverted. Shows the bifid

nature of the musculi papillares (a 6), and the threefold distribution of the chordaa ten-

dinefE (s). (See pp. 786, 787, 788, 788.)

Fig. 32. Shows Structm-e of the Mitral Valve in the Sheep. (See pp. 786, 787, 788, 789.)

Fig. 33. Anterior Segment of Human Mitral Valve. Shows the threefold distribution of the chordse

tendinese, from above downwards, and from the mesial line towards the margin of the

segments. (See pp. 786, 787, 788, 789.)

Fig. 34. Example of Mitral Valve in the Right Ventricle of the Human Heart. (See pp. 789, 790,

791.)

Fig. 35. Vertical Section, carried through the aorta (a a') semilunar valve (s s' s"), left auricle

(d d', y y'), the segments of the mitral valve (w m', n vi), and the left ventricle (y v'), of the

Human Heart. Shows the greater thickness of the aorta, where the segments of the semi-

lunar valve unite above (b b', c c'), and its greater tenuity behind the centre of each seg-

ment (o) ; also how a portion of the aorta [p) is continued into the larger or anterior seg-

ment of the mitral valve (m m). It also shows the relation of the left auricle (y «/', d d')

to the aorta (a a'), mitral valve (m m', n n'), and left ventricle (v v').

rr, Openings of coronary arteries.

nn'. Segments of semilunar valve uniting above.

X x\ e e'. Auricle terminating by wedge-shaped process in mitral valve.

z -j', Left coronary artery.

1 1' t". Convex, or attached borders of segments of semilunar valve.

g, Septal wall of left ventricle.

A A', Chordse tendinese.

i i', Musculi papillares.

ly'. Apex of left ventricle. (See pp. 770, 771).

Fig. 36. Left Ventricle of Human Heart laid open to show the semilunar (ss') and mitral (yi) valves

in situ. (See pp. 770, 771.)

Plate XXIX.

Fig. 37. Portion of Heart of Sturgeon. Shows auriculo-ventricular valve (a) with three chordse

tendine^ (6) proceeding from it. (See p. 781.)

Fig. 38. Ventricle and Bulbus Arteriosus of Skate laid open. Shows several rows of semilunar

valves (a b c) increasing in size in a direction from below upwards. (See p. 779.)
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Fig. 39. Bulbus Arteriosus and Ventricle of Sturgeon,—the former displaying five rows of semi-

lunar valves (a), the latter an auriculo-ventricular valve (6), with numerous tendinous

bands running into it. (See p. 779,)

Fig. 40. Bulbus Arteriosus and Portion of Ventricle of Lepidosteus. Shows the great thickness of

the bulb (a), and of the valves (6) contained within it, and between which tendinous

bands run. (See p. 780.)

Fig. 41. Portion of Bulbus Arteriosus of Basking Shark. Shows the great thickness of the bulb

(a) and of the valves (6), and how the latter support each other. (See p. 780.)

Fig. 42. Heart of Crocodile. Shows spiral semi-muscular, semi-tendinous valve (r), situated between

right auricle (a) and ventricle (x). (See p. 781.)

Fig. 43. Bulbus Arteriosus and Ventricle of Sun-fish. Shows three semilunar valves (a b c) at orifice

of bulb, and an auriculo-ventricular valve (/), consisting of two segments. (See pp. 779,

781.)

Fig. 44. Heart of Serpent {Python tigris). Shows muscular semilunar valve at orifice of left superior

cava {s) ; also spiral muscular slit (r), occurring between the ventricles. (See pp. 781, 782).

Fig. 45. Heart of Emu, showing spiral muscular valve {g h), occurring in right auriculo-ventricular

orifice. (See p. 781.)

Fig. 46. Heart of Swan, with right and left ventricles laid open. Shows spiral muscular valve of

right ventricle (?'), and miti'al valve (y) of left, and how one portion of the former (J)

corresponds in position to the anterior musculus papillaris (y) of the latter. (See p. 781.)

Fig. 47. Heart of Frog-fish. Shows three sets of semilunar valves ; one occurring where the large

veins join the auricle (c) ; a second, where the auricle opens into the ventricle (6) ; the

third being situated at the orifice of the bulbus arteriosus (a). (See p. 779.)

Fig. 48. Bulbus arteriosus and portion of Ventricle of Grey Shark. Shows semilunar valves, with

tendinous chords running between them (a) ; also, auriculo-ventricular valve (g). (See pp.

779, 780.)

Fig. 49. Wax cast of Left Ventricle (6) and portion of Right Ventricle (a) of Deer. Shows spiral

nature of the left ventricular cavity,—the spiral course or tracks of the musculi papillares

(xy), and how between these, two spiral grooves {j q) occur, which direct the blood on to

the segments of the mitral valve in spiral waves. (See pp. 784, 785.)

Fig. 50. Plaster of Paris cast of Right and Left Ventricles of Zebra. Shows infundibulum or conus

arteriosus (i) of right ventricle, and analogous portion of left ventricle (^p 0) ; also three

prominences on each (d e kr v), corresponding to the sinuses of Valsalva. It also shows
the double cone formed by the left ventricular cavity, the one apex pointing towards the

apex of the heart [j), the other towards the aorta (Ji). (See pp. 784, 785.)

Fig. 51. Same cast seen posteriorly. Shows the mitral (mn) and tricuspid (g h) valves in action,

and how the blood, when these are closed, assumes a conical form (0) for pushing aside

the segments of the semilunar valves, and causing them to fall back upon the sinuses of

Valsalva (y lu). It also shows how the right ventricular cavity (c) curves round the

left one (x), and how the pulmonary artery (6) and aorta (h) pursue different directions.

(See pp. 784, 785.)

Figs. 52, 53, and 54. Show the Mitral (r s) and Tricuspid (m i n) Valves of the Sheep in action. How
the segments, acted upon by the spiral columns of blood, roll up from beneath towards the

end of the diastole (fig. 52) ; how, at the beginning of the systole, they are wedged and
twisted into each other, on a level with the auriculo-ventricular orifices (fig. 53) ; and
how, if the pressure exerted be great, they project into the auricular cavities (fig. 54).

(See pp. 796, 797, 798, 799, 800, 801.)

Figs. 55, 56, and 57. Show the same in the Human Heart, with this difference, that in the right

ventricle, a true mitral valve (m n), as not unfrequently happens, has taken the place of

the tricuspid. (See pp. 796, 797, 798, 799, 800, 801.)

Note.—The spiral downward movement of the mitral and tricuspid valves has only been partially

represented (figs. 52 and 55) owing to the great difficulty experienced in representing spiral

cavities,
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ERRATA.

Page 21, line 4 from bottom, /or value v read value of v.

23, line 7 from top,/or (cos t+ s'm <) read (sin <-cos t).

— line 4 from bottom, for e"' read e"**.

— line 3 from bottom, the first mimts sign in the line should be plus.

26, line 2 from bottom, /or 23° 23' read 6.6° .37'.

122, line 5 from top, /or chemical r»(S^|j^>ulfeaW':^

130, line 6 from top, /or in his " 'Iu-e'!ffr|^::it=p^;V'it|il Motions," " where, read " in his

' Treatise upon Vital Motions' AVfo^;e.f L^ ^r"<y

633, line 23 from top, /or treatise readcSstf^^T""^

644, line 2 from bottom, /or 1778 read 1781.

714, line 5 from bottom, /or two primary affinities read two secondary affinities.
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PROCEEDINGS, &l

Monday, November 25, 1861.

At a Statutory General Meeting, Dr Christison, V.P., in the Chair, the Minutes

of the G-eneral Meeting of 26th November 1860 were read and confirmed.

The following Office-Bearers were duly elected :

—

Vice-Presidents.

His Grace the Duke of Argyll, K.T., President.

Sir David Brewstek, K.H., .

Dr Christison,

Professor Kelland,

Hon. Lord Neaves,

The Very Rev. Dean Ramsay,

Principal Forbes,

Dr John Hutton Balfour, General Secretary.

Dr Lyon Playfair, C.B.,
]

T-, ^ X A r Secretaries to the Ordinary Meetings.
Dr George James Allman, j

j b

J. T, Gibson-Craig, Esq., Treasurer.

Dr Douglas Maclagan, Curator of Library and Museum.

OOUNCILLOKS.

Dr Lowe.

Professor W. J, M. Rankine.

James Dalmahoy, Esq.

Dr John Brown.

Professor Eraser.

James Leslie, Esq., C.E.

Dr ScHMiTz.

Dr Seller.

E. W. Dallas, Esq.

Rev. L. S. Orde. '

Professor Tait.

John Muir, D.C.L.

The following Gentlemen were, on the motion of Dr BufiT, appointed to audit the

Treasurer's Accounts :

—

Dr Seller. A. Bryson, Esq.

The Meeting then adjourned.

W. T. Thomson, Esq.

(Signed) E. Christison, V.F.
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Monday, January 6, 1862.

At a meeting of the Society, held on Monday 6th January 1862, the Hon. Lord

Neaves in the Chair, the following Address to Her Majesty, expressing the sorrow of the

Society on the death of H.R.H. the Prince Consort, was read and adopted :

—

To THE Queen.

May it please your Majesty,

We, the President and Fellows of the Eoyal Society of Edinburgh, beg leave most

humbly to offer to your Majesty the sincere expression of our condolence for the great

bereavement which your Majesty has sustained, and of our grief for the great loss which

has befallen the nation by the death of His Royal Highness the Prince Consort, who, by his

exemplary discharge of every duty, by his sympathy with the feelings, and his solicitude

for the welfare, of his adopted country, and by his unwearied efforts to promote the progress

of Learning, Science, Industry, and Art, had won for himself the I'ust admiration, esteem,

and gratitude of the whole community.

That in this heavy affliction, your Majesty may be supported by the consolations of

religion, by the honoured memory of the departed, by the reverence and affection of your

Majesty's children, and by the devotion of a loyal and united people, who recognise in your

Majesty's government the great source and security, under Providence, of the high degree

of prosperity and happiness which they enjoy, is the prayer of your Majesty's most dutiful

subjects and servants.

Signed in name and by authority of this Society, by his Grace the Duke of Argyll
,

President.

(Signed) E. Christison, V.P.

Monday, January 20, 1862.

At a meeting of the Society, held on Monday 20th January 1862, James T. Gibson-

Craig, Esq., Treasurer, in the Chair, the following reply to the Address to Her Majesty

Avas read :

—

Whitehall, VMh Januarij 1862.

My Lord Duke,

I have the honour to acknowledge the receipt of the loyal and dutiful Address of the

President and Fellows of the Eoyal Society of Edinburgh, on the occasion of the deatli
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of His Eoyal Highness the Prince Consort, and to inform your Grace, that I shall take an

early opportunity of laying the Address before Her Majesty.

I have the honour to he,

My Lord Duke,

Your Grace's obedient Servant,

(Signed) G. Grey.
His Grace the Puke of Argyll, &c. &c

(Signed) K. Christison, V.I'.

Monday, November 25, 1862.

At a Statutory General Meeting, Dr Christison, V.P., in the Chair, the Minutes of

the General Meeting of 25th November 1861, and those of the 6th and 20th January 1862,

were read and confirmed.

The following Office-Bearers were duly elected :

—

His Grace the Duke of Argvll, K.T., Pi-esident.

Sir David Brewster, K.H.,

Dr Christison,

Professor Kelland,

Hon. Lord Neaves,

Principal Forbes,

Professor Cosmo Innes, /

Dr John Hutton Balfour, General Secretary.

Dr Lyon Playfair, C.B.,
]

n, r^ t » t
Secretaries to the Ordinary Meetings.

Dr George James Allman, J

"^ "

J. T. Gibson-Craig, Esq., Treasurer.

Dr Douglas Maclagan, Cuiator of Lihrary and Museum.

Vice-Presidents.

COUNCILLORS.

Professor Eraser.

James Leslie, Esq., C.E.

Dr ScHMiTz.

Dr Seller.

E. W. Dallas, Esq.

Rev. L. S. Orde.

Professor Tait.

John Muir, D.C.L.

A. Campbell Swinton, Esq.

Dr William Robertson.

Dr E. Ronalds.

T. C. Archer, Esq.
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The following Gentlemen were, on the motion of Dr Buet, seconded by Professor

Kelland, appointed to audit the Treasurer's Accounts :

—

James Cunningham, Esq. Dr William Seller. Sheriff Cleghorn.

The Meeting then adjourned.

(Signed) R Christison, F.P.

Monday, April 20, 1863.

At a meeting of the Society, held on Monday the 20th April 1863, Principal Forbes in

the Chair, the following Address to His Royal Highness the Prince of Wales was read and

adopted :

—

To His Royal Highness the Prince of Wales.

May it please your Boyal Highness,

We, the President and Fellows of the Royal Society of Edinburgh, desire humbly to

approach your Royal Highness, with the expression of our dutiful and heartfelt congratula-

tion on your Eoyal Highness's marriage.

Ever ready to rejoice at whatever affords a prospect of increased happiness to your

Royal Highness, and a further security for the continued sway of a Royal House which has

conferred on this realm so many benefits and blessings, we hail with especial interest and

gratification the union of your Royal Highness with the Daughter of an ancient nation, dis-

tinguished at all times for noble and generous qualities, and which holds a high place

among the countries of Europe in literature and science ; and, above all, we regard it as an

unspeakable boon, that the Royal Lady whom we now welcome to our shores is endowed with

all the virtues and attractions which are best calculated to bless and adorn domestic life, to

assist in cheering the widowed solitude of our beloved Sovereign, and to sustain in unsullied

lustre the honour and dignity of the British Court.

We earnestly hope and pray, that this auspicious alliance may be productive of all tlie

happiness with which we wish to see it attended.

(Signed) R. Christison, V.P.

VOL. XXIII. PART III. 10 H
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Monday, November 23, 1863.

At a Statutory General Meeting, Professor Christison, V.P., in the Chair ; the Minutes

of the last General Statutory Meeting, and those of 20th April 1863, were read and con-

firmed.

The following Office-Bearers were then elected for 1863-64 :

—

Vice-Presidents.

His Grace the Duke of Argyll, K.T,, President.

Sir David Brewster, K.H.,

Dr Christison,

Professor Kelland,

Hon. Lord Neaves,

Principal Forbes,

Professor Cosmo Innes,

Dr John Hutton Balfour, General Secretary.

Dr Lyon Playfair, "I • ^ -, , .

^ ^ ^ . \ Secretaries to Ordinary Meetings.
Dr George James Allman, J

David Smith, Esq., Treasurer.

Dr Douglas Maclagan, Curator of Library and Museum.

COUNCILLORS.

E. W. Dallas, Esq.

Rev. L. S. Orde.

Professor Tait.

A. Campbell Swinton, Esq.

Dr William Robertson.

Dr E. Ronalds.

T. C. Archer, Esq.

W. F. Skene, Esq.

A. Keith Johnston, Esq.

Rev. Dr Stevenson.

Dr Stevenson Macadam.

Hon. Lord Jerviswoode.

The Chairman read the following intimation from the Council :

—

" The Council consider it expedient that one Vice-President should annually be

removed from the list of Vice-Presidents, and that he should be ineligible for election for

twelve months. On submitting future lists to the Society, the Council propose to omit the

name of the senior Vice-President in the list for each year, and to submit another name in

substitution."

On the motion of Dr Burt, seconded by Dr Seller, Mr W. T. Thomson, Mr James

Cunningham, and Dr William Kobertson were appointed a Committee to examine the

Treasurer's accounts.

The following letters from His Eoyal Highness the Prince of Wales were read :-

;
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Marlborough House, July 16, 1863.

Lieut-General Knollts has been desired b}^ His Eoyal Highness the Prince of

Wales, to thank the President and Fellows of the Eoyal Society of Edinburgh for their

Address on the occasion of His Royal Highness's marriage,—for their congratulations,

—

and for the gratifying sentiments they have expressed towards the Princess.

To His Grace the Duke of Argyll, President,

Abergeldik, Ballatbr, Aberdeenshire.

My Lord Duke,

I have the honour to acknowledge, by command of the Prince of Wales, the receipt

of the diploma constituting His Eoyal Highness an Honorary Fellow of the Eoyal Society

of Edinburgh ; and am further commanded to convey to you His Eoyal Highness's extreme

gratification at having received the same.

I have the honour to be,

My Lord Duke,

Your very obedient Servant,

W. KnollYs, Lieut.-Gen.

The meeting then adjourned.

To His Grace the Duke of Argyll.



814 LIST OF MEMBERS ELECTED.

LIST OF MEMBERS ELECTED.

January 6, 1862.

Rev. William G. Blaikie. Henry Cheyne, Esq., W.S.

January 20, 1862.

Alex, Mackenzie Edwards, Esq.

February 3, 1862.

Dr Walter Boyd M'Kinlay. Dr John P. Macartney.
Dr Edmund Ronalds.

February 17, 1862.

Thomas C. Archer, Esq. Rev. V. Grantham Faithfull.

Dr James Hector.

March 17, 1862.

Nicholas Alex. Dalzell, Esq.

April 7, 1862.

Hon Lord Barcaple. Rev. Robert Boog Watson,

December 1, 1862.

Robert Campbell, Esq. Dr H. F. C. Cleghorn.
Professor Blackie.

January 5, 1863.

Edward Meldrum, Esq.

James Hannay, Esq.

Charles Lawson, Esq.

Dr Alexander Peddie.

January 19, 1863.

The Right Hon. Lord Dunfermline. William Jameson, Esq.

William Brand, Esq. Dr Murray Thomson.

February 2, 1863.

Dr John Young. David Page, Esq.

February 16, 1863.

Dr J. G. Wilson. Dr J. Matthews Duncan.
George R. Maitland, Esq. W. Dittmar, Esq.

3Iarch 2, 1863.

Rev. Dr Nisbet.

March 16, 1863.

Hon. Lord Ormidale. Professor J. D, Everett.
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April 6, 1863.

Hon. G. Waldegrave Leslie. Hon. Charles Batllie (Lord Jerviswoode).

James Sanderson, Esq.

April 20, 1863.

Charles Cowan, Esq. Dr John Alex. Smith.

December 7, 1863.

Dr Alex. Crum Brown. Dr Alex. Wood.

December 21, 1863.

Dr Andrew Wood. Robert William Thomson, Esq., C.E.

January 4, 1864.

James David Makwick, Esq.

January 18, 1864.

Rev. D. F. Sandford. Robert S. Wyld, Esq.

February 1, 1864.

Peter M'Lagan, Esq. William Lindsay, Esq.

Professor W. Y. Sellar. Robert Hutchison, Esq.

Rev. John Hannah, D.D., re-elected.

February 15, 1864.

William Wallace, Ph.D.

March 7, 1864.

Professor Robert Dyce, M.D.

May 2, 1864.

Arthur Abney Walker, Esq. Dr John Foulerton.
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LIST OF THE PRESENT ORDINAHY MEMBERS,

Corrected up to Novemher 1, 1864

IN THE ORDER OF THEIR ELECTION.

His Grace the DUKE OF ARGYLL, K.T.,

PRESIDEIST.

Date of

Election.

1808

1812

1815

1818

1820

1821

1822

1823

James Wardrop, Esq., London.

Sir David Brewster, K.H., LL.D., F.R.S. Lend., Principal of the University of Edinburgh.

Sir George Clerk, Bart., F.R.S. Lend.

Henry Home Drummond, Esq., of Blair-Drummond.

William Thomas Brande, F.R.S. Lond., Professor of Chemistry in the Boyal Institution.

Patrick Miller, M.D., Exeter.

Charles Babbage, F.R.S. Lond.

Sir John F. W. Herschel, Bart., F.R.S. Lond.

Dr "William Macdonald, Professor of Natural History, St Andrews.

John Cay, Esq., Advocate.

Robert Kaye Greville, LL.D.

Robert Hamilton, M.D.

James Smith, Esq., of Jordanhill, F.R.S. Lond.

William Bonar, Esq.

George A. Walker -Arnott, LL.D., Professor of Botany, Glasgow.

Sir James South, F.R.S. Lond.

Sir W. C. Trevelyan, Bart., Wallington, Northumherland.

Captain Thomas David Stuart, of the Hon. East India Company's Service.

Warren Hastings Anderson, Esq.

Alexander Thomson, Esq., of Banchory.

Liscombe John Curtis, Esq., Ingsdon House, Devonshire.

Robert Christison, M.D., Professor of Materia Medica.
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Date of

Electiou.

1824 Robert E. Grant, M.D., Professor of Comparative Anatomy, U'uivei sity College, London.

Rev. Dr William Muir, one of the 3Iinisters of Edinburgh.

1827 John Gardiner Kinnear, Esq.

Very Rev. Edward Bannerman Ramsay, A.M. Camb., LL.D.

1828 David Maclagan, M.D.

Sir William A. Maxwell, of Calderwood, Bart.

John Forster, Esq., Architect, Liverpool.

Thomas Graham, M.A., D.C.L., Master of the Mint, London.

David Milne-Home, Esq., Advocate, of Milne-Graden and Wedderhurn.

Dr Manson, Nottingham.

1829 A. Colyar, Esq.

Sir William Gibson-Craig, Bart., of Riccarton.

Right Honourable Duncan M'Neill, Lord Justice- General.

Venerable Archdeacon Sinclair, Kensington.

James Walker, Esq., W.S.

1830 J. T. Gibson-Craig, Esq., W.S.

Sir Archibald Alison, Bart., Sheriff of Lanarkshire.

James Syme, Esq., Professor of Clinical Surgery.

Thomas Barnes, M.D., Carlisle.

1831 James D. Forbes, D.C.L., P.R.S. Lond., Principal of the United College, St Andrews.

1832 Montgomery Robertson, M.D.

1833 Rear-Admiral Sir Alexander Milne, R.N.

His Grace the Duke of Buccleuch, K.G., Dalkeith Palace.

David Craigie, M.D.

Sir John Stuart Forbes, Bart., of Pitsligo.

Alexander Hamilton, LL.B., W.S.

1834 Mungo Ponton, Esq., W.S., Clifton, Bristol.

Isaac Wilson, M.D., F.R.S. Lond.

Patrick Boyle Mure Macredie, Esq., Advocate, of Perceton.

William Sharpey, M.D., Professor of Anatomy, University College, London.

1835 John Button Balfour, A.M., M.D., F.R.S. Lond., Professor of Botany.

William Brown, Esq., F.R.C.S.

R. Mayne, Esq.

1836 David Rhind, Esq., Architect.

1837 John Archibald Campbell, Esq., W.S.

John Scott Russell, Esq., A.M., London.

Charles Maclaren, Esq.

Archibald Smith, Esq., M.A., Camb. Lincoln's Lnn, London.

Richard Parnell, M.D.

Peter D. Handyside, M.D., F.R.C.S.

1838 Thomas Mansfield, Esq., Accountant.

Alan Stevenson, Esq., Civil Engineer.

1839 David Smith, Esq., W.S.

Adam Hunter, M.D.



818 LIST OF ORDINARY MEMBERS.

Date of

Election.

1839 Rev. Philip Kelland, A.M., Professor of Mathematics.

F. Brown Douglas, Esq., Advocate.

1840 Alan A. Maconochie Welwood, Esq., of Meadowbank and Pltliver.

Martyn J. Roberts, Esq., Fort-William.

Robert Chambers, LL.D.

Sir John M'Neill, G.C.B., LL.D.

Sir William Scott, Bart., of Ancrum.

Right Rev. Bishop Terrot.

Edward J. Jackson, Esq.

John Mackenzie, Esq.

James Anstruther, Esq., W.S.

1841 John Millar, Esq., Civil Engineer, Millfield House, Polmont.

James Dalmahoy, Esq.

1842 James Thomson, Esq., Civil Engineer, London.

John Davy, M.D., Inspector-General of Army Hospitals.

Robert Nasmyth, Esq., F.R.C.S.

John Goodsir, Esq., Professor of Anatomy.

1843 A. D. Maclagan, M.D., Professor of Medical Jurisprudence.

John Rose Cormack, M.D., F.R.C.P., Putney.

Allen Thomson, M.D., Professor of Anatomy, Glasgow.

Joseph Mitchell, Esq., Civil Engineer, Inverness.

Andrew Coventry, Esq., Advocate.

John Hughes Bennett, M.D., Professor of Physiology.

D. Balfour, Esq., of Trenaby.

Henry Stephens, Esq.

1844 Archibald Campbell Swinton, Esq., Advocate.

James Begbie, M.D., F.R.C.P.E.

James Y. Simpson, M.D., Professor of Midwifery

.

David Stevenson, Esq., Civil Engineer.

Thomas R. Colledge, M.D., F.R.C.P.E.

1845 John G. M. Burt, M.D.

Thomas Anderson, M.D., Professor of Chemistry, Glasgoiv. .

1846 A. Taylor, M.D., Pau.

S. A. Pagan, M.D.

Alexander J. Adie, Esq., Civil Engineer.

L. D. B. Gordon, Esq., C.E.

L. Schmitz, LL.D., Ph.D., Rector of High School.

Charles Piazzi Smyth, Esq., Professor of Practical Astronomy.

1847 William Thomson, Esq., M.A. Camb., Professor of Natural Philosophy,. Glasgow.

J. H. Burton, Esq., LL.D., Advocate.

James Nicol, Esq., Professor of Natural History, Aberdeen.

William Macdonald Macdonald, Esq., of St Martins.

Alexander Christie, Esq.

John Wilson, Esq., Professor of Agriculture.
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Date of
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1847 Moses Steven, Esq., of Bellahouston.

1848 Thomas Stevenson, Esq., C.E.

James Allan, M.D., Inspector of Hospitals, Portsmouth.

Henry Davidson, Esq.

William Swan, Esq., Professor of Natural Philosophy, St Andrews.

Patrick James Stirling, Esq.

1849 William Stirling, Esq., of Keir, M.P.

John Thomson Gordon, Esq., Sheriff of Mid-Lothian.

William Thomas Thomson, Esq.

Honourable Lord Ivory.

William E. Aytoun, D.C.L., Professor of Rhetoric and Belles Lettres.

W. H. Lowe, M.D., Balgreen.

Honourable B. F. Primrose.

David Anderson, Esq., of Moredun.

W. R. Pirrie, M.D., Professor of Surgery, Aberdeen.

His Grace the Duke of Argyll, Inverary Castle.

The Most Noble the Marquis of Tweeddale, K.T.

Edward Sang, Esq.

1850 William John Macquorn B,ankine, Esq., C.E., Professor of Civil Engineering,

Glasgow University

.

Alexander Keith Johnston, Esq.

Sheridan Muspratt, M.D., Liverpool.

James Stark, M.D. (Re-admitted.)

Lieutenant-Colonel W. Driscoll Gossett, R.E.

William Seller, M.D., F.R.C.P.E.

Hugh Blackburn, Esq., Professor of Mathematics, Glasgow.

J. S. Combe, M.D.

1851 Sir David Dundas, Bart., of Dunira.

John Stewart, Esq., of Nateby Hall.

E. W. Dallas, Esq.

Rev. James Grant, D.C.L., D.D., one of the Ministers of Edinburgh.

1852 Eyre B. Powell, Esq., Madras.

Thomas Miller, A.M., LL.D., Rector, Perth Academy.

Allen Dalzell, M.D.

James Cunningham, Esq., W.S.

Alexander James Russell, Esq., C.S.

Andrew Fleming, M.D., Bengal.

1853 James Watson, M.D., Bath.

Lieutenant-Colonel Robert Maclagan, Bengal Engineers.

Rev. Dr Robert Lee, Professor of Biblical Criticism and Biblical Antiquities.

Rev. John Gumming, D.D., London.

Hugh Scott, Esq., of Gala.

Grseme Reid Mercer, Esq.

1854 Sir John Maxwell, Bart., of Polloc.
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Date of

Election.

1854 Dr John Addington Symonds, Clifton, Bristol.

Dr William Bird Herapath, Bristol.

Robert Harkness, Esq., Professor of Mineralogy and Geology, QueeiCs College, Cork.

Sir James Coxe, M.D.

Ernest Bonar, Esq.

1855 Stevenson Macadam, Ph.D.

Robert Etheridge, Esq., Clifton, Bristol.

Right Honourable John Inglis, Lord Justice-Clerk.

Rev. James S. Hodson, D.D. Oxon., Rector of the Edinburgh Academy.

Wyville T. C. Thomson, LL.D., Professor of Geology, Belfast.

Dr Wright, Cheltenham.

James Hay, Esq.

R. M. Smith, Esq.

1856 David Bryce, Esq.
,

William Mitchell Ellis, Esq.

George J. Allman, M.D., Professor of Natural History.

Honourable Lord Neaves.

Dr Frederick Penny.

Thomas Laycock, M.D., Professor of the Practice of Medicine.

Thomas Cleghorn, Esq.

James Clerk Maxwell, Esq., Professor of Natural Philosophy, King's College, London.

1857 James Black, M.D.

John Ivor Murray, M.D.

John Blackwood, Esq.

Reverend Dr James Macfarlane, Duddingston.

W. M. Buchanan, M.D.

Thomas Login, Esq., C.E., Pegu.

Edmund C. Batten, M.A., Lincoln^s Inn, London.

1858 Thomas Williamson, M.D., Leith.

Robert B. Malcolm, M.D.

James Duncan, M.D.

Alexander Bryson, Esq.

Frederick Field, Esq., Chili.

James Leslie, Esq., C.E.

Cosmo Innes, Esq., Professor of History.

Rev. Alexander C. Fraser, Professor of Logic.

Rev. William Stevenson, D.D., Professor of Ecclesiastical History.

1859 William F. Skene, Esq., W.S.

G. W. Hay, Esq.

Robert Russell, Esq.

Joseph Fayrer, M.D.

George Robertson, Esq., C.E.

Lyon Playfaii', C.B., Professor of Chemistry.

John Brown, M.D.
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Date of

Election.

1859 Professor Richardson, Durham.

Rev. John Duns, D.D.

Lieut. John Hills, Bombay Engineers.

Captain Gordon Forlong.

1860 William Robertson, M.D.

Frederick Guthrie, M.D., Professor of Chemistry, Mauritius.

J. Alfred Wanklyn, Esq.

Patrick C. MacDougall, Esq., Professor of Moral Philosophy.

George A. Jameson, Esq.

Rev. Leonard Shafto Orde.

Patrick Dudgeon, Esq., of Cargen.

William Chambers, Esq., of Glenormiston.

1861 W. A. F. Browne, Esq., one of H. M. Commissioners in Lunacy for Scotland.

Rev. Thomas Brown.

Robert Edmund Scoresby-Jackson, M.D.

James M'Bain, M.D., R.N.

Peter Guthrie Tait, Esq., Professor of Natural Philosophy.

John Muir, D.C.L., LL.D.

William Turner, M.B. ,

William Lauder Lindsay, M.D.

James Lorimer, A.M., Professor of Public Law.

Archibald Geikie, Esq.

William Handyside, Esq.

George Berry, Esq.

Thomas Herbert Barker, M.D.

James Young, Esq.

Alexander Eugene Mackay, M.D., R.N.

1862 Rev. William G. Blaikie, D.D.

Henry Cheyne, Esq., W.S.

Alex. Mackenzie Edwards, Esq., F.R.C.S.E.

Walter Boyd M'Kinlay, M.D.

John P. Macartney, M.D.

Edmund Ronalds, Ph.D.

Thomas C. Archer, Esq.

James Hector, M.D.

Nicholas Alex. Dalzell, Esq,

Hon. Lord Barcaple, LL.D.

Rev. Robert Boog Watson.

1863 Robert Campbell, Esq., Advocate. '

H. F. C. Cleghorn, M.D.

John Stuart Blackie, Esq., Professor of Greek.

Edward Meldrum, Esq.

Charles Lawson, Esq.

James Hannay, Esq.
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Date of

Election.

1863 Alex. Peddie, M.D.

Right Hon. Lord Dunfermline, Colinton House.

William Jameson, Esq.

William Brand, Esq., W.S.

Murray Thomson, M.D.

John Young, M.D.

David Page, Esq.

J. G. Wilson, M.D.

J. Matthews Duncan, M.D,

George R. Maitland, Esq., W.S.

W. Dittmar, Esq.

Rev. Dr Robert Nisbet, one of the Ministers of Edinburgh.

Honourable Lord Ormidale.

J. D. Everett, Professor of King's College, Windsor, Nova Scotia

Honourable G. Waldegrave Leslie.

Honourable Charles Baillie, Lord Jerviswoode.

James Sanderson, Esq.

Charles Cowan, Esq.

John Alex, Smith, M.D.

1864 Alex. Crum Brown, M.D., D.Sc.

Alex. Wood, M.D.

Andrew Wood, M.D.

Robert William Thomson, Esq., C.E.

James David Marwick, Esq.

Rev. Daniel F. Sandford.

Robert S. Wyld, Esq., W.S.

Peter M'Lagan, Esq., of Pumpherston.

William Lindsay, Esq.

W. Y. Sellar, M.A., Professor of Humanity.

Robert Hutchison, Esq., Carlowrie Castle.

Rev. John Hannah, D.D., Glenalmond.

William Wallace, Ph.D.

Robert Dyce, M.D., Professor of Midwifery, Aberdeen.

Arthur Abney Walker, Esq.

John Foulerton, M.D.



( 823 )

NON-RESIDENT MEMBER,

ELECTED UNDER THE OLD LAWS.

Sir Richard Griffiths, Bart., Dublin.

LIST OF HONORARY FELLOWS.

His Majesty the King of the Belgians,

His Royal Highness the Prince of Wales.

FOBEIGNERS (LIMITED TO THIBTY-Six).

Louis Agassiz, Cambridge, Massachusetts.

Alexander Dallas Bache, Washington.

J. B. A. L. L. Elie de Beaumont, Paris.

Victor Cousin, Do.

Jean Baptiste Dumas, Do.

Charles Dupin, Do.

Christien Gottfried Ehrenberg, Berlin.

Johann Franz Encke, Do.

Pierre Marie Jean Flourens, Paris.

Frangois Pien-e Guillaume Guizot, Do.

Wilhelm Karl Haidinger, Vienna.

Christopher Hansteen, Christiania.

Johann Friedrich Ludwig Hausmann . Gottingen.

J. Lamont, Munich.

Urbain Jean Joseph Leverrier, Paris.

Baron Justus von Liebig, Munich.

Carl Friedrich Philip von Martins, Do.

Henry Milne- Edwards, Paris.

Lambert Adolphe Jacques Quetelet, Brussels.

Henri Victor Regnault, Paris.

Prof. Henry D. Rogers, Glasgow.

Gustav Rose, Berlin.

B. Studer, Berne.

Friedrich George Wilhelm Struve, Pulkovja.
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BRITISH SUBJECTS (LIMITED TO TWENTY, BY LAW X.)

John Couch Adams, Esq.,

George Biddell Airy, Esq.,

Michael Faraday, Esq.,

Thomas Graham, Esq.,

Sir William R. Hamilton,

Sir John Frederick William Herschel, Bart.,

Sir William Jackson Hooker,

William Lassell, Esq.,

Rev. Dr Humphrey Lloyd,

Sir William E. Logan,

Sir Charles Lyell, Bart.,

Sir Roderick Impey Murchison,

Richard Owen, Esq.,

Sir John Richardson, M.D.,

Earl of Rosse,

William Henry Fox Talbot, Esq.,

Rev. Dr William Whewell,

Cambridge.

Greenwich

.

London.

Do.

Dublin.

Collingwood.

Kew.

Liverpool.

Dublin.

London.

Do.

Do.

Do.

Lancrig, Westmoreland.

Parsonstown.

Lacock Abbey, Wiltshire

Cambridge.
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LIST OF FELLOWS DECEASED AND RESIGNED,

FROM NOVEMBER 1861 TO NOVEMBER 1864.

HONORARY FELLOWS DECEASED.

His Imperial Highness the Archduke John of Austria.

His Royal Highness the Prince Consort.

Jean-Baptiste Biot, Paris.

Eilert Mitscherlich, Berlin.

Baron Giovanni Plana, Turin.

ORDINARY FELLOWS DECEASED.

James Pillans, Esq., Professor of Humanity.

William Somerville, M.D., F.R.S.

Leonard Horner, Esq.

Alexander Maconochie Welwood, Esq., of Meadowbank.

Robert Bald, Esq., Civil Engineer.

Thomas Stewart Traill, M.D., Professor of Medical Jurisprudence.

James Keith, M.D., F.R.C.S.E.

John Russell, Esq., P.C.S.

Andrew Fyfe, M.D., Professor of Medicine and Chemistry, King's College, Aberdeen,

Admiral Norwich DufF.

James Pillans, Esq.

James Walker, Esq., Civil Engineer.

Honourable Lord Wood.

James Russell, M.D.

Arthur Connell, Esq., Professor of Chemistry, St Andrews.

David Boswell Reid, M.D.

Robert Allan, Esq., Advocate.

Robert Morrieson, Esq.

Archibald Robertson, M.D., F.R.S.

Major-General Swinburne, of Marcus.

James Forsyth, Esq., of Dunach.

John Cockburn, Esq.

George Smyttan, M.D.

James Miller, Esq., Professor of Surgery.

J. Burn Murdoch, Esq., Advocate, of Gartincaber.

Patrick Newbigging, M.D.

Robert Dundas Thomson, M.D.

Beriah Botfield, Esq., Norton Hall, Northamptonshire.

James P. Eraser, Esq.

RESIGNATIONS.

Rev. V. Grantham Faithfull.

D. R. Hay, Esq,

Robert Maclachlan, Esq.
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The following Public Institutions and Individuals are entitled to receive Copies of

the Tf^ansactions and Proceedings of the Royal Society ofEdinburgh

:

—

ENGLAND.

The British Museum.

The Bodleian Library, Oxford.

The University Library, Cambridge.

The Royal Society.

The Linnean Society.

The Society for the Encouragement of Arts.

The Geological Society.

The Royal Astronomical Society.

The Royal Asiatic Society.

The Zoological Society.

The Royal Society of Literature.

The Horticultural Society,

The Royal Institution.

The Royal Geographical Society.

The Statistical Society.

The Institution of Civil Engineers.

The Institute of British Architects.

The Hydrographical Office, Admiralty.

The Medico-Chirurgical Society.

The Athenaeum Club.

The Cambridge Philosophical Society.

The Manchester Literary and Philosophical

Society.

The Yorkshire Philosophical Society.

The Chemical Society of London.

The Museum of Economic Geology.

The United Service Institution.

The Royal Observatory, Greenwich.

The Leeds Philosophical and Literary Society.

The Historic Society of Lancashire and Cheshire.

The Royal College of Surgeons of England.

SCOTLAND.

Edinburgh, University Library.

Advocates' Library.

College of Physicians.

Edinburgh, Highland and Agricultural Society.

Royal Medical Society.

Royal Physical Society.

Royal Scottish Society of Arts.

Glasgow, University Librai'y.

St Andrews, University Library.

Aberdeen, Library of King's College.

IRELAND.

The Library of Trinity College, Dublin.

The Royal Irish Academy.

COLONIES, &C.

The Asiatic Society of Calcutta.

The Literary and Historical Society of Toronto.

University of Sydney.

CONTINENT OF EUROPE.

Amsterdam, Royal Institute of Holland.

Berlin, Royal Academy of Sciences.

Physical Society.

Berne, Society of Swiss Naturalists.

Bologna, Academy of Sciences.

Bonn, Caesarean Academy of Naturalists.

Brussels, Royal Academy of Sciences.

Buda, Literary Society of Hungary.

Copenhagen, Royal Academy of Sciences.

Frankfort, the Senkenbergian Museum.

Geneva, Natural History Society.

Giessen, University Library.

Gottingen, University Library.

Haarlem, Natural History Society.

Leipzig, Royal Saxon Academy.

Lille, Royal Society of Sciences.

Lisbon, Royal Academy of Sciences.

Lyons, Agricultural Society.

Milan, Royal Institute.
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Moscow, Imperial Academy of Naturalists.

Munich, Koyal Academy of Sciences of Bavaria

(2 copies).

Neufchatel, Museum of Natural History.

Paris, Royal Academy of Sciences.

Geographical Society.

Royal Society of Agriculture.

Society for Encouragement of Industry.

Geological Society of France.

Ecole des Mines.

Marine Depot.

Museum of Jardin des Plantes.

Rotterdam, Batavian Society of Experimental

Philosophy.

Stockholm, Royal Academy of Sciences.

St Petersburgh, Imperial Academy of Sciences.

M. KupfFer.

Pulkowa Observatory.

Turin, Royal Academy ot Sciences.

Turin, M. Michelotti.

Venice, Royal Institute.

Vienna, Imperial Academy of Sciences.

Geological Society.

UNITED STATES OF AMERICA.

Boston, the Bowditch Library.

Academy of Arts and Sciences.

New York State Library.

Philadelphia, American Philosophical Society.

Academy of Natural Sciences.

Yale College, Professor Silliman.

Washington, the Smithsonian Institution.

(All the Honorary and Ordinary Fellows of the

Society are entitled to the Transactions and

Proceedings.')

The following Institutions and Individuals receive the Proceedings only:—

ENGLAND.

The Scarborough Philosophical Society.

The Whitby Philosophical Society.

The Newcastle Philosophical Society.

The Geological Society of Cornwall.

The Ashmolean Society of Oxford.

The Literary and Philosophical Society of Liver-

pool.

SCOTLAND.

The Philosophical Society of Glasgow.

The Botanical Society of Edinburgh.

IRELAND.

The Natural History Society of Dublin.

COLONIES.

TheLiterary and Philosophical Society of Quebec.

The Literary Society of Madras.

CONTINENT OF EUROPE.

Rome, Padre Secchi of the Observatory.

Utrecht, the Literary and Philosophical Society.

Paris, Editor of L'Institut.

Cherbourg, Society of Natural Sciences.

UNITED STATES.

H. T. Parker, Esq., Harvard College, Cambridge.

Professor Dana, Connecticut.
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LIST OF DONATIONS.

(Continued from Vol. XXII. p. 749.)

November 2bth 1861.

DONATIONS. DONORS.
Monthly Notices of the Astronomical Society. Vol. xxi., Nos. 5-7. 8vo. The Society.

Arsskrift af K. Vet. Soc. i. Upsala. 1860. 8vo. Ditto.

Memoires de Soc. des Sciences de Cherbourg. Tome vii. 1859. 8vo. Ditto.

American Journal of Science and Arts. January 1861. 8vo. The Editors.

Le Couches en Forme de C. By M. B. Studer, Benie. 8vo. The Author.
Instructions for Meteorological Tables. By Col. Sir H. James. 8vo. Ditto.

History of Integral Calculus. By I. Todhunter. 1861. 8vo. Ditto.

Journal of Agriculture for July. 1861. 8vo. The High. Soc.

Proceedings of the Linnean Society. Vol. v., No. 20, with Botanical Supple- Linnean Societv.

ment. 8vo.

Journal of Statistical Society. June 1861. 8vo. Ditto.

Dr Balfour on Temperature in Connection with Vegetation. 1861. 8vo. The Author.
Notice of Plants Collected by Mr Fitzallan. Ditto.

Note sur la Succession des Mollusques. Par F. S. Pictet. 1861. 8vo. Ditto.

Report of Committee on Telegraph Cable. 1861. Folio. The Committee.
Proceedings of the Academy of Natural Sciences of Philadelphia. 1861. 8vo. The Academy.
Journal of Chemical Society. July 1861. 8vo. The Society.

Assurance Magazine. July 1861. 8vo. The Editors.

Reduction of the Observations of the Moon, made at the Royal Observatory, The Observatorv.

Greenwich, from 1750 to 1830. Vols. i. and ii. 1848. 4to. Also

from 1831 to 1851. 1859. 4to.

Astronomical Observations made at the Royal Observatory, Greenwich, from Ditto.

1765 to 1774. Vol. i. Fol. 1786.

Reduction of Observations of Planets made at the Royal Observatory, Green- Ditto.

wich, from 1750 to 1830. 4to. 1845.

Astronomical, Magnetical, and Meteorological Observations made at the Royal Ditto.

Observatory, Greenwich, in 1859. 4to. 1861.

Measurement of the Astronomical DiflFerence of Longitude on the Arc of The Author.
Parallel, extending from Greenwich to the Island of Valentia. By G. B.

Airy, Astronomer-Royal. 4to. 1846.

Bessel's Refraction Tables Modified and Expanded. 4to. 1855. The Observatory.

Description of the Galvanic Chronographic Apparatus of the Royal Observatory, Ditto.

Greenwich. 4to. 1857.

Plan of the Buildings and Groimds of the Royal Observatory, Greenwich, with Ditto.

Explanation and History. 4to. 1847.
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DONATIONS.

Description of the Reflex Zenith Tube of the Royal Observatory, Greenwich,

4to. 1856.

Regulations of the Royal Observatory, Greenwich. 4to, 1852.

Improvements in Chronometers made by Mr EifFe, with an Appendix. 4to.

1842.

Results of the Magnetical and Meteorological Observations made at the Royal

Observatory, Greenwich, from 1849 to 1856. 4to.

Reports of the Astronomer-Royal to the Board of Visitors at the Royal Observa-

tory, Greenwich, from 1836 to 1860. 4to.

Rates of Chronometers on Trial for Purchase by the Board of Admiralty at the

Royal Observatory, Greenwich, from 1841 to 1860. 4to.

Weekly Sums of the Daily Rates of Chronometers, during their Trial at the

Royal Observatory, Greenwich, for 1840—41.

Apparent Right Ascensions of Polaris and b Ursae Minoris, and Mean Right

Ascensions of Stars. 4to. 1846.

Astronomical Observations made at the Observatory at Cambridge, from 1828
to 1835. 4to, Also, from 1852 to 1854. 4to.

Philosophical Transactions of the Royal Society of London for 1860-61. Parts

1 and 2. 4to.

List of Members of the Royal Society of London. 1860. 4to.

Memoirs of the Royal Astronomical Society. Vols, xxviii., xxix. 4to.

Transactions of the Zoological Society of London. Vol. iv. Part 7. 1861. 4to.

Papers Read at the Royal Institute of British Architects. Session 1860-61.

4to.

List of Members and Report of Council of the Royal Institute of British Archi-

tects. 1861. 4to.

Abhandlungen herausgegeben von der Senckenbergischen Naturforschenden

Gesellschaft. B. iii.. Part 2. 4to. 1861.

Memorie del R. Istituto Lombardo di Scienze, Lettere ed Arti. Vol. viii.,

Fasc. 2-4. 1860. 4to.

Atti del R. Istituto Lombardo di Scienze, Lettere ed Arti. Vol. ii., Fasc. 1-9.

1860. 4to.

Jahrbiicher der K. K. Central-Anstalt fiir Meteorologie und Erdmagnetismus.

B. vii. 1855. 4to.

Denkschriften der Kaiserlichen Akademie der Wissenschaften. B. xix. 1861. 4to.

Acta Academise Csesarese Leopoldino-Carolince Germanicse Naturae Curiosorum.

B. xxviii. 1861. 4to.

Hofmeister, Phanerogamen. Part 2. 1861. 8vo.

Ueber Aarstellungen Geriechischer Dichter auf Vasenvildern. Von Otto Jahn.

1861. 8vo.

Die Chronik des Casstodorus Senator. Von Th. Mommsen. 1861. 8vo.

Ueber das Passivum. Von H. C. von der Gabelentz. 1861. 8vo.

Das StralendorfBschie Gutachten. Von John Gust. Droysen, 1861. 8vo.

Hankel, Elektrische Untersuchungen. 1861. 8vo.

Bietrage zar Erkenntniss und Kritik, der Zens Religion. Von J. Overbeck.

1861. Bvo.

Berichte iiber die Verhandlungen der Koniglich Sachsischen Gesellschaft der

Wissenschaften zu Leipzig. Math.-Phys. Classe, Nos. 1, 2. Bvo.

Archaeologia ; or Miscellaneous Tracts Relating to Antiquity. Published by

the Society of Antiquaries of London. Vol. xxxviii. 1860. 4to.

Abstracts of Principal Lines of Spirit-levelling in England. With plates. By
Col. Sir Henry James. 1861. 4to.

Praefationes et Epistolae Editionibus Principibus Auctorum Veterum Praepositae,

curante Beriah Botfield. 1861. 4to.

Smithsonian Contributions to Knowledge. Vol. xii. 1860. 4to.

Alloys of Copper and Zinc. By Frank H. Storer. 1860. 4to.

Translation of Gauss's " Theoria Matus," with an Appendix. By Charles Henry
Davies. 1857- 4to.

DONORS.

The Greenwich

Observatory.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Society.

Ditto.

Ditto.

Ditto.

The Institute.

Ditto.

The Society.

The Institute.

Ditto.

The Observatory.

The Academy.
Ditto.

Roy. Saxon Acad.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Society.

The Ord. Survey.

The Author.

The Institution.

The Author.

Ditto.



830 LIST OF DONATIONS.

By John Tyndall,

By

Dr Rob. Caspary. Ditto.

DONATIONS.

Absorption and Radiation of Heat by Gases and Vapours
F.R.S. 1861. 4to.

Secular Variations, and Mutual Relations of tbe Orbits of the Asteroids

Simon Newcomb. 1860, 4to.

Annals of the Botanical Society of Canada. Vol. i., Parts 1 and 2. 1861. 4to.

Recherches Astronomiques de I'Observatoire d'Utrecht. 1861. 4to.

Natuurkundige Verhandelingen van de HoUandsche Maatchappij der Weten-

schappen te Haarlem. Deels xiv., xv. 1861. 4to.

Nova Acta Regi« Societatis Scientiarum Upsaliensis. Vol.ii., Part 3. 1858.

4to.

Berichte iiber die Verhandlungen der Koniglich Sachsischen Gesellschaft der

Wissenschaften zu Leipzig. Phil.-Hist. Classe, Nos. 1—4. 8vo.

Schriften der Koniglichen Physikalisch-CEkonomischen Gesellschaft zu Konigs-

berg. Nos. 1, 2. 4to.

Die Metamorphose des Caryoborous (Brachus) Gonagra, Fbr. Von H. L. Elditt.

1860. 4to,

De Abietinearum Floris Feminei Structura Morphologica.

1861. 4to.

Proceedings of the Royal Geographical Society of London.

1861. 8vo.

Journal of Statist. Soc. of London. Sept. 1861. 8vo.

Journal of Agriculture. Oct. 1861. 8vo.

Quarterly Journal of the Geological Society. Nos. 66, 67.

Journal of the Asiatic Society of Great Britain and Ireland

Part 2 ; Vol. xix., Part 1. 1861. 8vo.

American Journal of Science and Arts. Nos. 92-94. 1861. 8vo.

Proceedings of the Royal Society. Vol. xi., Nos. 44-46. 8vo.

Proceedingsof the Literary and Philosophical Society of Liverpool. No. 16. 8vo.

Proceedings of the Zoological Society. Part 3, 1860 ; and Parts 1, 2, 1861. 8vo.

Transactions of the Royal Society of Literature. Vol. vii., Part 1. 8vo.

Quarterly Journal of the Chemical Society. Vol. xv., Part 3. 1861. 8vo.

Proceedings of the Royal Institution of Great Britain. Part 11. 1861. 8vo.

Journal of the Proceedings of the Linnean Society. Vol. vi., No. 21. 1861. 8vo,

Journal of the Asiatic Society of Bengal. No. 4, 1860 ; and Nos. 1 and 2,

1861. 8vo.

Canadian Journal of Science and Art. Nos. 34, 35. 1861. 8vo.

DONORS.

The Author.

Ditto.

The Society.

The Observatory

The Academy.

The Society.

Ditto.

Ditto.

Ditto.

Vol. V. Nos. 3-5.

1861. 8vo.

Vol. xviii.,

The Assurance Magazine ot the Institute of Actuaries. Vol. x., Part 1.

1861. 8vo.

Madras Journal of Literature and Science. Vol. vi.. No. 11: 1861. 8vo.

Proceedings of the Royal Medical and Chirurgical Society, London. Vol. iii.,

Nos. 5, 6. 1861. 8vo.

Charter and By-Laws of the Linnean Society. 1861. 8vo.

List of Members of the Institution of Civil Engineers. 1861. 8vo.

Proceedings of the Society of Antiquaries, London. Vol. iv., Nos. 48-52. Vol. i.,

No. 1 (2d Series). 1859. 8vo.

Lists of the Society of Antiquaries, London, for 1859-60. 8vo.

Proceedings of the Royal Horticultural Society. Vol. i., Nos. 24-30. 8vo.

Monthly Return of Births, Deaths, and Marriages, from April to October 1861.

8vo.

Quarterly Return of Births, Deaths, and Marriages. Nos. 25-27. 8vo.

Quarterly Reports of the Meteorological Society of Scotland, for March and June
1861. 8vo.

Report of the Commissioner of Patents, Washington, for 1859. Vols. i. and
ii. 8vo.

Fourteenth Annual Report of the Ohio State Board of Agriculture, 1859, 8vo.

Annual Report of the Board of Regents of the Smithsonian Institution. 1859.

8vo.

Ditto.

Ditto,

High. & Agri. Soc.

The Society,

Ditto.

The Editors.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

The Institution.

The Society.

Ditto.

The Canadian

Institute,

The Institute.

The Asiatic Soc.

The Society,

Ditto.

Ditto.

The Institution.

The Society.

Ditto.

Ditto.

The Registrar-

General.

Ditto.

The Society.

The U. S. Govern-

ment.

Ditto

Ditto.
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DONATIONS.

Second Report of a Geological Reconnoissance of Arkansas. 1859, 1860, 8vo.

Proceedings of tlie American Association for the Advancement of Science—14th

Meeting. 1860. 8vo.

Transactions of the Academy of Science of St Louis. Vol. i., No. 4. 1860. 8vo.

Proceedings of the American Academy of Arts and Science. Vol. v. 1860. 8vo.

Memoirs of the Geological Survey of India. Vol. ii., Part 1. 1860. 8vo.

Monthly Notices of the Royal Astronomical Society. Vol. xxi., No. 9. 8vo.

Proceedings of the Geological and Polytechnic Society of Yorkshire. 1860. 8vo.

Forty-first Report of the Phil, and Lit. Society of Leeds. 1860-61. 8vo.

Proceedings of the Royal Institute of Great Britain. March 1861. 8vo.

Annual Report of the Surveys of India. 1860. Fol.

New Commercial Route to China. By Henry Duckworth, F.R.G.S. 1861. 8vo.

Sounds caused by the Circulation of the Blood. By Arthur Leared, M.D.,

Dublin. 1861. 8vo.

Annual Report of the Geological Survey of India. 1859-60. 8vo.

Ceylon Acanthacese. By Dr T. Anderson. 8vo.

Tabular View of Recent Zoology. By Dr Robert E. Grant. 1861. 8vo.

Mineral Veins of Australia. By Thomas Belt. 1861. 8vo.

Sensibility of the Eye to Colour. By John Z. Lawrence, F.R.C.S. 1861. 8vo.

Biographical Sketch of the late Robert Stevenson. By Alan Stevenson, F.R.S.E.

1861. 8vo.

Atti deir Imp. Reg. Instituto Veneto. 1860-61 Nos. 4-6. 8vo.

MonatsberichtderKbniglichenAkademiederWissenschaften zu Berlin. 1860. 8vo.

Register fiir die Monatsbericht der Kbniglichen Akademie der Wissenschaften zu

Berlin. 1836-1858. 8vo.

Observations Meteorologiques faites ^ Nijne-Taguilsk. 1858-60. 8vo.

Sitzungsberichte der Kbnigl. Bayer. Akademie der Wissenschaften zu Munchen.
Heft i.-iii. Heft iv. v. 1861.—1860. 8vo.

Notice sur les Instruments de Precision construits par J. Salleron. (Meteoro-

logie.) 1858. 8vo.

Notice sur les Instruments (Appareils de Chimie et Instruments de Physique)

par J. Salleron. 1861. 8vo.

Nederlandsch Krindkundig Archief, onder redactie von W. H. De Vriese,

W. F. R. Suringar, en S. Knuttel. Viffde Deel, Tweede stuk. 8vo.

Oversigt over det Kongelige danske Videnskabernes Selskabs Forhandlinger ag

dets Medlemmers Arbeider i Aaret. 1860. 8vo.

Bulletin de la Societe de Geographic. Tom. i. 1861. 8vo.

Jahresbericht der Chemie. Von H. Kopp und H. Will. Giessen. 1860. 8vo.

Sitzungsberichte der K. Akademie der Wissenschaften.—Phil.-Hist. Classe, Band
XXXV., Part 5 ; Band xxxvi., Part 1. 8vo. Math.-Nat. Classe, Band xliii,,

Part 1 and 2 ; .Band xliii., Part 1. 8vo.

Meteorological Observations for Twenty Years for Hobart Town, made at the

Royal Observatory, Tasmania. From Januai-y 1841 to December 1860. 4to.

Essay on the Plants collected during Expedition to the Estuary of the Burdekin.

By Dr Ferd. Mueller. 1860. 4to.

Solennia Academica Universitatis Literariaa Regise Fredericianas ante L. annos

conditse mense Septembris, Anni 1861. 4to.

Ubersicht der Witerung im Nbrdlichen Deutschland nach den Beobachtungen

des Meteorologischen Instituts zu Berlin. Januai-y 1859. 4to.

Generation Spontanee. Par M. Boucher de Perthes. 1861. 8vo.

Negre et Blanc, de qui sommes-nousfils? Par M. Boucher de Perthes. 1861. Bvo.

Societe de Geographic (List of Members). Paris, 1861. 8vo.

Extrait du Journal General de I'lnstruction Publique Bibliographie. (Euvres

de M. Boucher de Perthes. 8vo.

Abstracts from the Proceedings of the Geological Society of London. No. 70. 8vo.

Abhandlungen der Akad. d. Wissenschaften zu Berlin. 1860. 4to.

Bulletin de I'Academie Imperiale des Sciences de St Peterabourg. Tom. ii.,

Nos. 4-8 ; Tom. iii., Nos. 1-5. 4to.

VOL. XXIII. PART III.

DONORS.

The U.S. Govern.

The Association.

The Academy.
Ditto.

The Survey Office.

The Society.

Ditto.

Ditto.

The Institute.

The Directors.

The Author.

Ditto.

Direc. of Survey.

The Author.

Ditto.

Ditto.

Ditto.

Ditto.

The Institute.

The Academy.
Ditto.

The Observatory.

The Academy.

The Author.

Ditto.

The Editors.

The Academy.

The Society.

The Authors.

The Academy.

The Observatory.

The Author.

The University.

The Institute.

The Author.

Ditto.

The Society.

The Author.

The Society.

The Academy.

Ditto.
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DONATIONS.

Memoires de rAcaderaie Imperiale des Sciences de St Petersbourg. VII« Serie.

Tom. iii., Nos. 2-9. 1860. 4to.

Compte Rendu de la Commission Imperiale Archaeologique pour I'Annee 1859.

4to. With an Atlas.

American Journal of Science and Arts. No. 95. September 1861. 8vo.

Transactions of the Pathological Society of London, Vol. xii. 8vo.

Transactions of the Botanical Society of Edinburgh. Vol. vii., Part 1. 8vo.

Meteorological Papers, with Atlas. Nos. 4-10. 1860-61. 4to. 8vo.

Barometer Manual. 1861. 8vo.

Barometer and Weather Guide. 1861. 8vo.

Passage-Table and Sailing Directions. 1859. 8vo.

Swinging Ship for Deviation. 1859. 8vo.

Report of the Meteorological Department. 1857-58. 8vo.

Notes on Meteorology. 1859. 8vo.

Wind Charts. Sheets. 28 sets.

Weathei'-Bool; Instructions. Fol.

Beport of the British Association. 1860. 8vo.

Journal of the Society of Arts. Weekly.

Comptes Rendus. Hebdomadaircs des Seances de I'Academie des Sciences.

Weekly.

Rogers on Parallel Roads of Lochaber.

Admiralty Charts.

January 6, 1862.

Annales Hydrographiques. Tome vi.—viii. 8vo.

Instructions Nautiques sur lesMers de I'lnde. Par J. Horsburgh. Tome III.,

2nd partie. 1860. 4to.

Mer du Nord, Troisieme partie. Cotes Est d'Angleterre. 1860. 8vo.

Description Hydrographique des Cotes Septentrionaies de la Russie. Par M.
Reineke. Premiere partie. Mer Blanche. 1860. 8vo.

Catalogue par Ordre Geographique des Cartes, Plans, Vues de Cotes, Memoires,

Instructions Nautiques, &c., qui composent I'Hydrographie Franyaise.

1860. 8vo.

Catalogue Chronologique des Cartes, Plans, Vues de Cotes, &c. 1860. 8vo.

Renseignemeuts Hydrographiques sur la Mer de Chine, la Coree, la Mer et les

lies du Japon. 1860. 8vo.

Instructions Nautiques sur les Traverses d'Aller et de Retour de la Manche a

Java. 1861. 4to.

Detroit de Banka. Nouvelle Passe pour donner dans le Detroit en venant du
Sud. 1860. 8vo.

Influence des Courants sur la Navigation a la Cote Occidentale d'Afrique. Par

M. Vallon. 1860. 8vo.

Description des Basses et des Dangers, qui sont pres de la Cote S.E. de I'lle de

Ceylan. 1861. 8vo.

Notice sur la Carte des Environs de Cherbourg. Par M. Keller. 1861. 8vo.

Note sur I'Evaluation des Distances en Mer. Par M. de la Roche-Poncie.

1860. 8vo.

Annuaire des Marees des Cotes de France, pour I'An 1861. Par MM. Chazallon

et Gausin. 12mo.

French Admiralty Charts.

Norges Mynter i middelalderen samlede og beskrevne. Af c. I. Schive. Parts 1-3.

Fortffillinger om Keiser Karl Magnus og Hans Jsevninger I Norsk bearbeidelse

fra det trettende aarhundrede udgivet af C. R. Unger I. Christiania. 1860.

8vo.

Forhandlinger i videuskabs-selskabet. Christiania. 8vo 1860.

Di'NORS.

The Academy.

The Commission.

The Editors.

The Society.

Ditto.

The Bd. of Trade.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Association.

The Author.

The Admiralty.

The Depot de la

Marine.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Royal Univ.

of Christiania.

Ditto.

Ditto.
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DONATIONS.

Det Kongelige Norske Frederiks Universitets Stiftelse, &c., af M. J. Monrad.

8vo. Christiania. 1861.

Oversight afNorgesEchinodermer. Ved DrMichael Sars. Christiania. 1861. 8vo.

Nyt Magazin for Naturvidenskaberne. Hefte iii., iv. 1861.

Norske Plantenavne. AfJ. Hafen. 1860. 8vo.

Notice sur la Saga de Charlemagne. 8vo.

Om Cirklers Derqring. Af C. M. Guldberg. 1861. 4to.

Om Kotnetbanernes indbyrdes Beliggenhed. Af H. Mohn. 1861. 4to.

Om Siphonodentalium Vitreuin en ny slsegt og art af dentalidernes Familie. Af
Dr Michael Sars. 1861. 4to.

Index Scholarum in Universitate regia Fredericiana. 1861. 4to.

Solennia Academica Uiuversitatis Literariee Regiee Fredericianae. 1861. 4to.

Cantate ved Det Norske Universitets Halvhundredaarsfest. 1861. 4to.

Thirty-Fourth Annual Report of the Royal Scottish Academy. 8vo.

Proceedings of the Royal Horticultural Society, No. 31. 8vo.

Observations and Experiments on the Carcinus Moenas. By W. Carmichael

M'Intosh, M.D. 1861. 8vo.

Journal of the Statistical Society of London. Vol. xxiv., Part 4. 8vo.

Sitzungsberichte der Kbnigl. Bayer. Akademie der Wissenschaften za Miinchen.

1861. Heftiv. 8vo.

Memorie della Reale Accademia della Scienze di Torino. Tomo xix. 1861. 4to.

Nova Acta Regiae Societatis Scientiarura Upsaliensis, Vol. iii. 1861. 4to.

Arsskrift utgifven af Konigl. Vetenskaps-Societetem i Upsala argangen ii. 8vo.

Memoires de la Societe de Physique et d'Histoire Naturelle de Geneve. Tome
xvi., Part 1.

Atti dell' Imp.-Reg. Istituto Veneto di Scienze, Lettere ed Arti. Vol.

Parts 7-9. 8vo.

Arc du Meridien de 25° 20' entre le Danube et la Mer Glaciale. Tomes i., ii.

4to. With an Atlas.

Memoires de I'Academie Imp. des Sciences de St Petersbourg, Tome iv., No. 1. 4to.

Tabulae Quantitatum Berselianarum. 1840-1846. 8vo.

Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. Math.-Nat.

Classe. B. xlii.,No. 29; B. xliii., Hefte 3-5; B. xliv., Hefte 1, 2.—Phil.

-

Hist. Classe. B. xxxvi., Heft 3 ; B. xxxvii., Hefte 1-4. 8vo. Wien.

Denkschriften der Kaiserlichen Akademie der Wissenschaften. Phil. -Hist. Classe.

B. xi. 4to.

Jahrbuch der Kaiserlich-Kbniglichen Geologischen Reichsanstalt. B. xi. 8vo.

Almanach der Kaiserlichen Akademie der Wissenschaften. Wien. 1861. 8vo.

Annales de I'Observatoire Physique Central de Russie. Annee 1858. Nos. 1,

2. 4to.

Compte Rendu Annuel. 1859-60. 4to.

Beobachtungen und Elemente des Cometen. ii. 1860. Von O. Struve. 8vo.

Bemerkungen iiber den dritten Cometen von 1860. Von Dr A. Winnecke. 8vo.

Ueber einen vom Gen. Schubert an die Akademie gerichteten Antrag, betrefFend

die Russ-Scand. Meridian-Gradmessung. Von 0. Struve. 8vo.

Abstracts of Spirit-Levelling in Scotland. By Col. Sir Henry James. 1861. 4to

American Journal of Science and Arts. No. 96. 8vo.

Report of the Topographical and Geographical Exploration of the Western Dis-

tricts of the Nelson Province, New Zealand. 1861. 8vo.

Proceedings of the Academy of Natural Sciences, Philadelphia. 8vo.

Quarterly Journal of the Geological Society. No. 68. 8vo.

Abstracts of the Geological Society of London. No. 72. 8vo.

Monthly Notice of the Royal Astronomical Society, November 1861. 8vo.

Monthly Returns of Births, Deaths, and Marriages. November 1861. 8vo.

On the Concrete used in the late Extension of the London Docks. By George

Robertson, C.E. 8vo.

An Investigation into the Theory and Practice of Hydraulic Mortar, By George

Robertson, C.E. 8vo.

DONORS.

The Royal Univ.

of Chi'istiauia.

Ditto.

Ditto,

Ditto.

Ditto.

Ditto. •

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Academy.
The Society.

The Author.

The Society.

The Academy.

Ditto.

The Society.

Ditto.

Ditto.

vi. The Institute.

The Ro. Acad, of

Sci., St Petersb.

Ditto.

Ditto.

The Academy.

Ditto.

Ditto.

Ditto.

The Observ. of

St Petersburg.

Ditto.

The Author.

Ditto.

Ditto.

The Ordn. Survey.

The Editors.

The Prov. See's

Office, Nelson.

The Academy.
The Society.

Ditto.

Ditto.

The Regis -Gen.

The Author.

Ditto.
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January 20, 1862.

DONATIONS.

Journal of Agriculture, and Transactions of the Highland and Agricultural

Society. No. 75. 8vo.

Transactions of the Royal Scottish Society of Arts. Vol. vi. Part 1. 8vo.

Journal of the Royal Asiatic Society of Great Britain and Ireland. Vol. xix.

Part 2. 8vo.

Proceedings of the Royal Horticultural Society of London. Vol. i. No. 1. 8vo.

Assurance Magazine. No. xlvi. 8vo.

Quarterly Journal of the Chemical Society. No. Ivi. 8vo.

Journal of the Geological Society of Dublin. Vol. ix. Part 1. 8vo.

Report on the Survey of India for 1858-59. Fol.

Rivista da un Cittadino senza partito di cio che si e operate per la Puhblica

Istruzione. Bologna, 1861. 8vo.

DONORS.

The Highland and
Agi-i. Society.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Survey Directors.

February 3, 1862.

Quarterly Report of the Meteorological Society of Scotland. 8vo.

Twelfth, Thirteenth, and Fourteenth Annual Reports of the Regents of the

University of the State of New York, on the Condition of the State Cabinet

of Natural History. 8vo.

Seventy-Third and Seventy- Fourth Annual Reports of the University of the

State of New York. 8vo.

Forty-Second and Forty-Third Annual Reports of the Trustees of the New York
State Library. 8vo.

Guide to the Geology of New York, and to the State Geological Cabinet. 8vo.

Magnetical and Meteorological Observations made at the Government Observa-

toi-y, Bombay. 1859. 4to.

Vis Inertije Victa, or Fallacies affecting Science. By James Reddie. 1862. 8vo.

Contribuciones de Colombia. Por E. Uricoechea. 1860. 8vo.

Memoire sur ITntegration des Equations DifiPerentielles relatives au Mouvement
des Coraetes. Par Jean Plana. 1861. 8vo.

Proceedings of the Royal Geographical Society of London. Vol. vi. No. 1.

8vo.

Astronomical and Meteorological Obsei-vations made at the RadclifFe Observa-

tory, Oxford, in the year 1858. Vol. xix. 8vo.

The Society.

The New York
State Library.

Ditto.

Ditto.

Ditto.

The India Office.

The Author.

Ditto.

Ditto.

The Society.

The Observatory.

February 17, 1862.

By William John Macquorn Rankine. 1862. The Author.Manual of Civil Engineering.

8vo.

Pi-oceedings of the Royal Horticultural Society. Vol. ii. No. 2. 8vo.

List of the Fellows of the Royal Horticultural Society, corrected to Januarv

1862. 8vo.

Proceedings of the Royal Society of London. Vol. xi. No. 47. 8vo.

Journal of the Chemical Society. Vol. xv. No. 1. 8vo.

Journal of the Royal Dublin Society. Nos. xx.-xxiii. 8vo.

Monthly Notices of the Royal Astronomical Society. Vol. xxii. No. 3. 8vo.

Abstracts of the Proceedings of the Geological Society of London. No. 75. 8vo.

Ofversight af Kongl. Vetenskaps-Akademiens forhandlingar. 1860. 4to.

Kongliga Svenska Vetenskaps-Akademiens handlingar. 1859. 4to.

Kongliga Svenska Fregatten Eugenics Resta omkring Jorden under hef al af C.

A. Virgin 'aren 1851-53. Botanik Haft ii., Part 2. Zoologi Haft x..

Part 5. Fysik Haft viii., Part 2. 4to.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Roy. Acad, of Scie.

Stockholm.

Ditto.

Ditto.
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DONATIONS.

Voyage autour du Monde sur la Fregate Suedoise I'Eugenie, execute pendant

les annees 1851-52. Physique Haft ix. Part 2.

Om fisk-faunan ocli fiskierna i Norbottens Lan Reseberattelse. Af H. Wide-

gren, Afgifvenden 10 Mars. 1860. 8vo.

Atti del Keale Istituto Lombardo di Scienze, Lettere ed Arti. Vol. ii. Fasc.

x.-xiv. 4to.

Memorie del Reale Istituto Lombardo di Scienze, Lettere ed Arti. Vol. viii.

Fasc. V. 4to.

Bulletin de TAcademie Imperiale des Sciences de St Petersbourg. Tome iii.

Nos. 6-8. Tome iv. Nos. 1, 2. 4to.

Memoires de I'Academie Imperiale des Sciences de St Petersbourg. vii^ . Serie.

Tome iii, Nos. 10-12. 4to.

Preisschriften gekrbnt und herausgegeben von der fiirstlich Jablonowskischen

Gesellschaft zu Leipzig. Parts viii. and x. 1861. 8vo.

DONORS.

Roy. Acad, of

Scie., Stockholm.

Ditto.

The Institute.

Ditto.

The Academy.

Ditto.

The Society.

March 3, 1862.

Neue Denkschriften der allgemeinen schweizerischen Gesellschaft fiir die

gesammten Naturwissenschaften. Ziirich. Bander xvii. und xviii. 1860-61.

4to.

Mittheilungen der naturforschenden Gesellschaft in Bern, aus dem Jahre 1858.

No. 408-423, No. 424-439, No. 440-468. 8vo.

Verhandlungen der schweizerischen naturforschenden Gesellschaft bei ihrer

43-ten Versammlung in Bern den 2, 3, und 4, August 1858. 8vo.

Atti della Society Elvetica delle Scienze Naturali riunita in Lugano nei Giorni

11, 12, e 13 settembre 1860, Sessione 44'\ 8vo.

Sitzungsberichte der Wissenschaften zu Miinchen, 1861. I. Heft v. 8vo.

The Journal of the Chemical Society. No. Iviii. 1862. 8vo.

Journal of the Asiatic Society of Bengal, No. cviii. 1861. 8vo.

The Journal of Agriculture and the Transactions of the Highland and Agri-

cultural Society of Scotland, No. 76. 8vo.

Quarterly Return of the Births, Deaths, and Marriages registered in the Divisions,

Counties, and Districts of Scotland. No. xxviii. 8vo. Supplement to

the above.

Supplement to the Monthly Returns of the Births, Deaths, and Marriages

registered in the eight principal towns of Scotland. Year 1861. 8vo.

Monthly Return of the Births, Deaths, and Marriages registered in the eight

principal towns of Scotland. January 1862. 8vo.

Illustrations of the genus Carex. By Francis Boott, M.D. Part iii. Tab.

311-411. Folio.

The Society.

Ditto.

Ditto.

Ditto.

The Academy.
The Society.

Ditto.

The Highland and

Agricul. Soc.

The Registrar-

General.

Ditto.

Ditto.

The Author.

March 17, 1862.

History of the University of Edinburgh from the Foundation. By Andrew Miss Dalzel.

Dalzel, Professor of Greek. With Memoir of the Author. By Professor

Cosmo Innes. Two vols. 1862.

Reise der bsterreichischen Fregatte Novara um die Erde in den Jahren 1857-1859, The Austrian

unter den Befehlen des Commodor B. von Wiillerstorf Urbair. Zwei Government.

Bander. Wien, 1861. 8vo.

Verslagen en Mededeelingen der Koninklijke Akademie van Wetenschappen The Academy.
Afdeeling Natuurkunde. Elfde Deel. Amsterdam, 1861. 8vo.

Verslagen en Mededeelingen der Koninklijke Akademie van Wetenschappen Ditto.

Afdeeling Natuurkunde. Twaalfde Deel. Amsterdam, 1861. 8vo.

Jaarboek van der Koninklijke Akademie van Wetenschappen Gevestigt te Am- Ditto.

sterdam voor 1860. 8vo.

Verhandelingen der Koninklijke Akademie van Wetenschappen, Negende Deel. Ditto.

Met Platen. Amsterdam, 1861. 4to.
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DONATIONS. DONORS.

Journal of the Statistical Society of London. Vol. xxv. Part 1. March The Society.

1862. 8vo.

Journal of the Proceedings of the Linnean Society. Vol. vi. No. 22. March. 8vo. Ditto.

Proceedings of the Royal Plorticultural Society. March, 1862. 8vo. Ditto.

Monthly Return of Births, Deaths, and Marriages, registered in the eight prin- The Registrar-

cipal towns of Scotland. February 1862. General.

On Earth-currents and their connection with the Diurnal Changes of the Horizontal The Author.

Magnetic Needle. By the Rev. Humphrey Lloyd, D.D., D.C.L., F.R.SS.

L. & E., M.R.I.A., &c., Fellow of Trin. Col. Dublin. From the Trans-

actions of the Royal Irish Academy. 1862. 4to.

April 7, 1862.

Proceedings of the Royal Society of London. Vol. xi. No. 48. 8vo. The Society.

The Journal of the Chemical Society. Vol. xv. Part 3. 8vo. Ditto.

Proceedings of the Royal Horticultural Society. Vol. ii. No. 4. 8vo. Ditto.

The Assurance Magazine and Journal of the Institute of Actuaries. No. xlvii. The Institute.

8vo.

Almanaque Nautico para el ano 1863. Calculado de orden de S. M. en el Ob- Director of the

servatorio de Marina de la Ciudad de S. Fernando. Cadiz, 1861. 8vo. Observatory.

Pocket Diagram of Mean Pressures of Expanding Steam. By W. J. Macquorn The Author.

Rankine, C.E., LL.D.
London University Calendar for 1862. 12mo. The University.

April 21, 1862.

On Binocular Vision and the Stereoscope : a Lecture by William B . Carpenter, The Author.

M.D., &c. 12mo.

Description of a New Species of Clerodendron from Old Calabar, which flowered Ditto,

in 1861 in the Royal Botanic Garden of Edinburgh. By John Hutton

Balfour, A.M., M.D., &c. 8vo.

Abstract of the Proceedings of the Geological Society of London, Nos. 78, 79, 80, The Society.

Man and his Helpmate. By William Thomas Thomson, Folio, The Author,

Monthly Return of the Births, Deaths, and Marriages Registered in the Eight The Registrar-

Principal Towns of Scotland. March 1862. 8vo. General.

Monthly Notices of the Royal Astronomical Society. Vol. xxii. No. 5. 8vo. The Society.

Journal of the Chemical Society. No. Ix. Svo. Ditto.

April 28, 1862.

Pi-oceedings of the Royal Geographical Society of London. Vol. vi. No. 2. Svo. The Society.

Coraptes Rendus for 1861. 4to. The Academy.
The Cat-stane, Edinburghshire. Is it not the Tombstone of the Grandfather of The Author.

Hengist and Horsa ? By Professor Simpson. 8vo.

Antiquarian Notes of Syphilis in Scotland. By Professor Simpson. 8vo. Ditto.

Quarterly Report of the Meteorological Society. January to March 1862. 8vo. The Society.

Abstract of Proceedings of the Geological Society of London. No. 81. Ditto.

December 1, 1862.

' I'!:<iroKga.rovi %a! uXkuv lar^uv iraXaiuv "kii-^ava,. Hippocratis et aliorum Medicorum
veterum reliquiae. Mandatu Academise regise disciplinarum quae Amstel-

odami est. Edidit Franciscus Zacharias Ermerins. Volumen Primum.
Trajecti ad Rhenum. 1859. 4to.

The Academy.
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DONATIONS.

Verslagen en Mededeelingen der Koninklijke Akademie van Wetenschappen.
Afdeeling Natuurkunde. Achste Deel. 8vo.

Verslagen en Mededeelingen der Koninklijke Akademie van Wetenschappen.
Afdeeling Natuurkunde. Negende Deel. i. ii. en iii. Stuk. 8vo.

Verslagen en Mededeelingen der Koninklijke Akademie van Wetenschappen.

Afdeeling LetteVkunde. Vierde Deel. i. ii. en iii. Stuk. 8vo.

Verhandelingen der Koninklijke Akademie van Wetenschappen. Afdeeling

Letterkunde. Eerste Deel. Met Platen, 4to.

Verhandelingen der Koninklijke Academie van Wetenschappen. Zevende Deel.

Met Platen. 4to.

Jaarhoek van der Koninklijke Academie van Wetenschappen gevestigd te Am-
sterdam voor 1858. 8vo.

Verlag van het Verhandelde in de Algemeene Vergadering van der Provincial

Uti-echtsche Genootschap van Kunsten en Wetenschappen, 25 en 26 June
1861. 8vo.

Aanteekeningen van het Provincial Utrechtsche Genootschap van Kunsten en

Wetenschappen, 1859, 1860, en 1861. 8vo.

Memorias da Academia real das Sciencias de Lishoa : Classe de Scientias Mathe-
maticas, Physicas e Naturaes. Nova Serie. Tomo ii. Parte 1 e 2. 4to.

Resuinen de las Actas de la real Academia de Ciencias de Madrid por los aons

1857, 1858, 1859, y 1860. 8vo.

Memorias de la real Academia de Ciencias de Madrid. Tome iii. iv. y v. 4to.

La Botanica y los Botanicos de la Peninsula Hispano-Lusitana : Estudios biblio-

gi'aficos y biograficos per don Miguel Colmeiro, Madrid. 8vo.

Notiser ur Sallskapets pro Fauna et Flora Fennica Forhandlingar : iv., v., and

vi. Haftet, 1858, 1859, and 1861. Helsingfors. 8vo.

Diatomaceis Fenniee Fossilibus Additamentum scripsit William Nylander
(Aftryck ur Sallskepts pro Fauna et Flora Fennica Notiser vi. ny serie, 3

Haftet). Helsingfors. 8vo.

Berichte iiber die Verhandlungen der Konigl. sachsischen Gesellschaft der

Wissenschaften zu Leipzig, i. und ii. von der Matheraatisch-physischen

Classe; und ii. iii., u. iv. von der Philologisch-historischen Classe. 8vo.

Preisschriften gekrbnt und herausgegeben von der fiirstlich Jablonowski'schen

Gesellschaft zu Leipzig, ix. Victor Bohmert's Beitrage zur Geschichte

des Zunftwesens. 8vo.

Locke's Lehre von der Menschlichen Erkenntniss in Vergleichung mit Leibniz's

Kritik derselben dargestellt von G. Hartenstein. No. ii. 8vo.

Die Deutsche national-bkonomik an der Grenzscheide des 16tenu. 17ten Jahrhun-

derts von William Roscher. No. iii. 8vo.

Messungen iiber die Absorption der Chemischen Strahlen des Sonnenlichts von

W. G. Hankel. 8vo.

P. A. Hansen's Darlegung der theoretischen Berechnung der in den Mondtafeln

angewandten Storungen. Erste Abhandlung. 8vo.

Verhandlungen des Vereins fiir Naturkunde zu Presburg. iv. Jahrgang,

1859, u. V. Jahrgange, 1860 u. 1861. 8vo.

KlimatogTaphische Uebersicht der Erde von A. Miihry, M.D. 8vo.

Physica Sacra Johannes Jacobi Schevchzeri, Medicinee Doctoris, et Math, in

Lyceo Figvrino Prof., etc., Iconibvs aeneis illvstrata. Tomi quattvor,

Avgvstae Vindelicorvm et Vimse 1831. Fol.

Monthly Notices of the Royal Astronomical Society. Nos. 7-9. 1862. 8vo.

Proceedings of the Royal Geographical Society of London. Nos. 3-5. 8vo.

Proceedings of the Royal Horticultural Society, May to November 1862. 8vo.

Proceedings of the Medico-Chirurgical Society of London. Vol. iv. Nos. 1, 2.

8vo.

The Assurance Magazine. Vol. X., Part 5. 8vo.

Journal of Agricultui-e, July and October 1862. 8vo.

Journal of the Chemical Society, from May to November 1862. 8vo.

Proceedings of the Linnean Society. Vol. vi. Nos. 23, 24. 8vo.

DONORS.

The Academy.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Association.

Ditto.

The Academy.

Ditto.

Ditto.

Ditto.

The Society.

The Author.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Author.

Patrick Miller,

Esq., M.D.,

F.R.S.E., Exeter.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

Highland Society.

The Society.

Ditto.
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DONATIONS.

No. 4, 1861: andNos. 1 and 2, 1862.

xix. No. 3 ; and Vol, xx. No. 1.

8vo,

New Series.

Vol.

8vo.

Journal of the Asiatic Society of Bengal.

Bvo.

Journal of the Royal Asiatic Society. Vol.

8vo.

Journal of the Statistical Society, June and September 1862.

Journal of the Royal Geographical Society. Vol. xxxi. 8vo.

Medico-Chirurgical Transactions. Vol. xlv. 8vo.

Transactions of the Historic Society of Lancashire and Cheshire.

Vol. i. 8vo.

Manual of Hydrology. By Nathaniel Beardmore, C.E. 8vo.

RadclifFe Observatory. Vol. xx. Bvo.

The Amei'ican Journal of Science and Arts. Nos. 97-101. Bvo.

Philosophical Transactions of the Royal Society of London, Parts 1, 2, and 3,

and Part 1, 1862, 4to.

Proceedings of the Royal Society. Vol. xii. Nos. 49-51. Bvo.

Transactions of the Royal Society of Literature. Second Series.

Part 2. Bvo.

The Canadian Journal of Industry, Science, and Art. Nos. 38-40.

The Journal of the Royal Duhlin Society. Nos. 24, 25. Bvo.

Journal of the Geological Society of Dublin. Vol. ix. Part 2. Bvo.

The Geographical Disti-ibution of Material Wealth. By A. K. Johnston, F.R.S.E.

II. Historical Notes regarding the Merchant Company of Edinburgh, and
the Widows' Scheme and Hospitals. Bvo.

Geology of Canada, and Geological Survey of Canada. Two Parts. Bvo.

The Mechanism of the Heavens. By James Reddie, Esq. Bvo.

Memoirs of the Literary and Philosophical Society of Manchester. Vol. i. Bvo.

Proceedings of the Literary and Philosophical Society of Manchester. Vol. ii.

(with the Society's Rules.) 8vo.

Notice of a Mass of Meteoric Iron. By J. A Smith, ]M.D. ; and Chemical

Analysis of the same, by Murray Thomson, M.D. Bvo.

Madras Journal of Literature and Science. December 1861. Bvo.

Memoirs of the Geological Survey of India, Vol. iii. Part 1. 4to.

Proceedings of the Literary and Philosophical Society of Liverpool. No. 16.

Bvo.

The Museum of Natural History—Art. " Fishes." By Sir John Richardson,

C.B., &c. Bvo.

Errata in Hansen's Lunar Tables. Bvo.

Monthly and Quarterly Returns of the Births, Deaths, and Marriages registered

in the Divisions, Counties, and Districts of Scotland. From May to October

1862. Bvo.

Atti del' Imper. Reg. Istituto Veneto di Scienze, Lettere ed Arti. 1861, dispenza

decima; 1862, dispense 1, 2, 3. Bvo.

Memorie del Reale Istituto Lombardo di Scienze, Lettere ed Arti. Vol. viii.,

fasc. vi. Milano, 8vo.

Sur le Magnetisme et sur I'Electricite pendant les Orages. Par A. Secchi et Ad.

Quetelet. Bvo.

Sur I'Etoiles Filantes. Par E. Herrick et Ad. Quetelet. Bvo.

Annuaire de 1'Academic Royale. 12mo.

Annuaii-e de I'Observatoire Royale de Bruxelles. Par Ad. Quetelet. 16mo.

De la Necessite d'un Systeme General d' Observations Nautiques et Meteoro-

logiques. Lettre de M. Maury, Directeur de I'Observatoire de Washington,

a M. Ad. Quetelet. Bvo.

Observations sur Differents Sujets d'Astronomie et de Physique du Globe. Par

M. Ad. Quetelet. Bvo.

Etoiles Filantes et Magnetisme. Par M. Ad. Quetelet. Bvo.

Sur la Statistique Generale des Differents Pays. Par M. Quetelet.

Memoires Couronnes et autres Memoires, publics par I'Academie Royale de

Bruxelles. Tomes xi. and xii. Bvo.

DONORS.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Author.

Radcliffe Trusts.

The Conductors.

The Society.

Ditto.

Ditto.

The Institute.

The Society.

Ditto.

Right Hon. the

Lord Provost.

Sir W. E. Logan.

The Author.

The Society.

Ditto.

The Authors.

The Society.

Ditto.

The Author.

J. R. Hind, Esq.

The Registrar-

General.

The Institute.

Ditto.

The Royal Belgian
Academy.
Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Academy.
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DONATIONS.

Bulletins de rAeademie Royale des Sciences, des Lettres, et des Beaux Arts de

Belgique, 1861. Tomes xi. et xii. 8vo.

Annales de TObservatoire Royal de Bruxelles. Par A. Quetelet. 4to.

Memoires Couronnes et Memoires des Savants etrangeres publics. Par I'Aca-

demie Royale de Belgique. Tome xxx. 4to.

Observations des Phenomenes Periodiques. 8vo.

Bulletin de la Societe des Sciences Naturelles de Neufchatel. Tome v. 8vo.

Mittheilungen der Naturforschenden Gesellschaft in Bern aus dem Jahre

1861. 8vo.

Bulletin de la Societe Vaudoise des Sciences Naturelles. Tome vii., 48. 8vo.

Observations Astronomiques, 1^^ Supplement au Tome xvi., 17^ et 18^ Serie.

4to.

Nouvelles Recherches sur les Aurores Boreales et Australes, &c. Par M. de la

Rive. 4 to.

Further Researches on the Aurora Borealis. By M. de la Rive. 8vo.

Resume Meteorologique de I'Annee 1860, pour Geneve et le Grand St Bernard.

Par E. Plantamour. 8vo.

Note sur les Variations Periodiques de la Temperature et de la Pression Atmo-
spherique au Grand St Bernard. 8vo.

Sitzungsberichte der kbnigl. bayer. Akademie der Wissenschaften zu Miinchen.

Heften i. u. ii., 1861, u. i. Heften i., ii., u. iii., 1862. 8vo.

Ueber Vertheilung des Magnetismus in Cylindrischen Stahl-Staben. Von Dr
Casper Rothlauf. 8vo.

Annalen der kbnigl. Sternwarte bei Miinchen, xi. Band. 8vo.

Verzeichniss der Mitglieder der k. b. Akademie der Wissenschaften, 1862. 4to.

Zum Gedachtniss an Jean Baptiste Biot, von C. F. Philipp von Martins. 4to.

Abhandlungen der historischen Classe der k. b. Akademie der Wissenschaften

zu Miinchen. ix'^^^ Bandes 1*" u. 2^^ Abtheilung. 8vo.

Von der Bedeutung der Sanskrit-studien fiir die Griechische Philologie. Von
Dr Wilhelm Christ. 4to.

Reden gehaltene am 26' » Marz 1861, und am 28*en November 1861. Vom
Freiherrn von Liebig. 4to.

Denkrede auf Gotthilf Heinrich von Schubert gehaltene von Dr A. Wagner am
26"=" Marz 1861. 4to.

Gedachtniss-rede auf Friedrich Tiedemann vorgetragene am 28**" Nov. 1861
von Dr T. L. W. BischofF. 4to.

Denkrede auf Dr Georg Thomas V. Rudhart gelesene am 26'^" Marz 1861 von
K. A. Muffatt. 4to.

Ueber Briefstellen, u. Formelbiicher in Deutschland wahrend des Mittelalters.

Von Dr L. Rockinger. 4to.

Ueber die lange Dauer u. die Entwickelung des Chinesischen Reichs. Von Dr
H. Plath. 4to,

Abhandlungen der mathematisch.-physikalischen Classe der k. b. Akademie -der

Wissenschaften zu Miinchen. ix^es Bandes 1*^ u. 2*6 Abtheilung. 8vo.

Ueber Parthenogenesis. Von Dr C. Th. E. von Siebold. 4to.

Reise der bsterreich. Fregatte "Novara" um die Erde. Nautico-Physical

Part. First Section. 4to.

Beilage to the above.

Sitzungsberichte der kaiserlichen Akademie der Wissenschaften zu Wien. Novem-
ber and December 1861 ; January, February, March, April 1862. 8vo.

Sitzungsberichte der kaiserl. Akademie der Wissenschaften ; October, November,
December 1861 ; January 1862. 8vo.

Sitzungsberichte der kaiserl. Akademie der Wissenschaften. Mathematisch-

Naturwissenschaftlich Classe. April, June, July, October, November,
December 1861 ; January and February 1862. 8vo.

Almanach der kaiserl. Akademie der Wissenschaften. 12t«i' Jahrgang. 1862. 8vo.

Jahrbiicher fiir Meteorologie u. Ei-d. Magnetismus von Karl Kreil. viii^as

Band. Jahrgang 1856. 4to.
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DONORS.

The Academy.

Ditto.

Ditto.

Ditto.

The Society.

Ditto.

Ditto.

Natural and Phys.

Soc. of Geneva.

The Author.

Ditto.

Ditto.

Ditto.

The Academy.

Ditto.

Roy. Observatory.

The Academy.
Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Author.

The Austrian Go-
vernment.

Ditto.

The Academy.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.
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Felsobb Eggentletek egy Ismeretlennel irta D. Vallas Antal : Elzb Fiizct. 8vo.

Termeszettudomanyi Palyamunkak, 1st, 2d, and 3d Kotet. 8vo.

Mathematical' Palyamunkak, 1 Kbtet. 8vo.

A' Felsobb Analysis Elemei irta lyory Sander, i. and ii. Fiizet. 4to.

Elmekedesek a' Physiologia es Psychologia' Kbreben irta D. Mocsi Mihali.

A Puhanyok Izomrostjairol, etc. 4to.

A Hangrendszer Kiszamitasarol, etc. 4to.

Magyar Akaderaiai Ertesiti5 uj folyam. Elso Kbtet. i., ii., and iii., szam.

8vo.

Index to the Catalogue of a Portion of the Public Library of the City of Boston,

arranged in the Lower Hall (with four Supplements). 8vo.

Eighth and Ninth Annual Report of the Trustees of the Public Library of

Boston. 8vo.

Catalogue of Books in the Upper Hall of the Library of Boston. 8vo.

Abstracts of the Observations taken at the Stations of the Royal Engineers, from

1853 to 1859. Edited by Colonel Sir H. James, R.E. 4to.

Proceedings of the Academy of Natural Science of Philadelphia. 4 parts. 8vo.

Journal of the above. Vol. v.. Part 1. 4to.

Observations on the Genus Unio, &c. By Isaac Lea, LL.D. Vol. viii.,

Part 2. 4to.

Publications of Isaac Lea, LL.D., on Recent Conchology. 3 parts. 8vo.

Parliamentary Papers on the Burke and Wills Commission. Victoria, 1861,

1862. Folio.

Bulletin de la Societe de Geographic, 5ieme serie. Tomes ii. et iii. 8vo.

Annales hydrographiques au Depot des Cartes et Plans de la Marine. Nos.

311-328. 8vo.

Le Vrai Principe de la Loi des Ouragans applique d'une maniere pratique aux

deux hemispheres. Par James Sedgwick. Traduit de I'Anglais. 8vo.

Description hydrographique dela Cote Orientale de la Coree et du Golfe d'Osaka,

8vo.

Pilote Francaise, 1860.

James Horsburgh's Instructions nautiques, 1"' partie. 1861. 4to.

Renseignements nautiques sur les Cotes de Patagonie. 8vo.

Instructions nautiques sur les Cotes d'Islande. 8vo.

Annales hydrographiques. Nos. 333 et 336. 8vo.

Annuaire des Marees des Cotes de France pour les annees 1862 et 1863. 12mo.

Fortschritte der Physik im Jahrc 1859, dargestellt von der physikalischen

Gesellschaft zu Berlin, xv. Jahrgang. 8vo.

Monatsberichte der konigl. preussischen Akademie der Wissenschaften zu Berlin
;

aus dem Jahi-e 1861. 8vo.

Abhandlungen der konigl. preuss. Akademie der Wissenschaften zu Berlin, 1861.

4to.

Schriften der konigl. physikalisch-bkonomischen Gesellschaft zu Kbnigsberg.

Zweiter Jahrgang 1861. l^e u. 2*^ Abtheilung.

Novorum Actorum Academise Csesareje Leopoldino-Carolinge Germanicte Naturae

Cui'iosorum, tomus 29. Jenee. 4to.

Abhandlungen herausgegeben von der Senckenbergischen naturforschenden

Gesellschaft. Viertes Bandes erstes Heft. 4to.

Denkschriften der kaiserlichen Akademie der Wissenschaften—(Mathematisch-

naturwissenschaftliche Classe). 20ster Band. 4to.

Jahrbuch der kaiserl.-kbniglichen geologischen Reichsanstalt, January 1861 to

April 1862. 8vo.

Natuurkundige Verhandelingen van de Hollandische Maatschappij der Weten-

schappen te Haarlem. Tweede Verzameling Zestiende Deel. 1862. 4to.

Schriften der Universitat zu Kiel aus dem Jahre 1861. Bander vii, u. viii. 4to.

Des Minei-alogen und Chemikers Job. Wep. von Fuchs. 4to.

Relations des Experiences entreprises par ordre de S. E. M. le Ministre des

Travaux Publixues. et sur la demande de la Commission Centrale des

DONORS.

Academy of Pest.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Academy.

The Trustees.

Ditto.

Ditto

Secretary of State

for War.

The Academy.

Ditto.

Ditto.

Ditto.

Dr Hanna.

The Society.

The Depot.

Ditto

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Society.

The Academy.

Ditto.

The Society.

The Academy.

The Society.

The Academy.

The Reichsanstalt.

The Association.

The University.

Professor Kaiser.

The Author.
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DONATIONS.

Machines a Vapeur, pour determiner les lois et les donnees physiques

necessaires au calcul des Machines a Feu. Par M. V. Regnault. Tome
Second. 4to.

Eleventh Number of Meteorological Papers. Compiled by Admiral Fitzroy,

F.R.S. 8vo.

Report of the Meteorological Department of the Board of Trade. 1862. 8vo.

Transactions of the Royal Irish Academy. Vol. xxiv. Part ii., Science. 4to,

Contents of the Correspondence of Scientific Men of the 17th Century. Com-
piled by A. D. Morgan, F.R.S. 8vo.

Reports on the Isthmus of Krau. By Captains Fraser and Forlong, April 1861.

Folio.

Revue Orientale et Americaine. Par Leon de Rosny. Paris. 8vo.

On the Probable Causes of the Earth Currents. By the Rev. H. Lloyd, D.D.

8vo.

Quarterly Reports of the Meteorological Society of Scotland, March and June
1862. 8vo.

Notice of the Angwantibo of Old Calabar. By J. A. Smith, M.D. 8vo.

Carte Agronomique des Environs de Paris. Par M. Delesse. 8vo.

The Bell Rock Light-House ; Letter by David Stevenson, F.R.S. E. 8vo.

The Essentials of a Healthy Dwelling, and the Extension of its Benefits to the

Labouring Population. By Henry Roberts, F.S.A., &c. 8vo.

Calendar of the University of Queen's College, Kingston, Canada, Session

1862-3. 8vo.

Annual Report of the Geological Survey of India, and of the Museum of Geology.

Fifth Year, 1860-1. 8vo.

The Description, Composition, and Preparations of the Sanguinaria Canadensis,

by Geo. D. Gibb, M.D., &c. 8vo.

International Exhibition, 1862; Catalogue of the Nova Scotian Departments.

8vo,

Greenwich Obsex-vations, I860. 4to.

The Quarterly Journal of the Geological Society. Nos. 69, 70, and 71. 8vo.

Flint, Implements in the Drift, being an Account of their Discovery in the Con-

tinent and in England. By John Evans, F.S.A., &c. 4to.

Annals of the Botanical Society of Canada. Vol. i. Part 3. 4to.

Reduction of the Observations of the Deep-sunk Thermometers at the Royal'

Observatory, Greenwich, from 1846-59. By Professor J. D. Everett,

Nova Scotia. 4to.

List of Fellows of, and Papers read before, the Royal Institute of British Archi-

tects, 1861-62. 4to.

The Theory of Probabilities, by George Boole, F.R.S. 4to.

Abstracts of Meteorological Observations in 1860-61. Edited by Sir H. James,

R.E. 4to.

Memoirs of the Geological Survey of India : Pateontologica Indica. Edited by
Thomas Oldham, LL.D. 4"to.

Proceedings of the Society of Antiquaries of London (with Lists). Vol. i., Nos.

ii.-vii. 8vo.

Memoirs of the Royal Astronomical Society of London. Vol. xxx. 4to.

Meteorologische Waarnemingen en Nederland en Zijne Bezittingen, &c., 1859-
60. Oblong 8vo

Recherches sur I'Evolution des Araignees. Par M. E. Claparede. 4to,

Compte Rendu de la Commission Imperiale Archeologique pour I'Annee 1860,
et Atlas. S. Petersbourg. Folio.

DONORS.

The Author.

The Board of

Trade.

Ditto.

The Academy
The Author.

The Authors, by
Major Scott.

The Author.

Ditto.

The Society.

The Author.

Ditto.

Ditto.

Ditto.

Ditto.

The University.

The Sui'vey.

The Author.

The Secretary,

Board of Admiral.

The Society.

The Author.

The Society.

The Author.

The Institute.

The Author.

The Editor.

Ditto.

The Society.

Ditto.

Roy. Meteor. Inst,

of Netherlands,

Soc. of Arts and

Scien. at Utrecht.

The Russian Go-

vernment.

December 15, 1862,

Smithsonian Miscellaneous Collections. Vols i. ii. iii. and iv. 8vo. The Institution.
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DONATIONS.

Thirteenth Annual Report of the Regents of the University of the State of New
York on the Condition of the State Cabinet of Natural History, &c. 8vo.

Proceedings of the American Philosophical Society. Vol. viii., Nos. 64, 65,

and 66. 8vo.

Annual Report of Brevet Lieutenant-Colonel J. D. Graham on the Improvement

of the Harbours of Lakes Michigan, St Clair, Ei-ie, Ontario, and Cham-
plain, for the year 1860. 8vo.

Manual of Public Libraries, Institutions, and Societies in the United States and

British Provinces of North America. By William J. Rhees. 8vo.

Studies in Organic Morphology. By John Warner. 8vo.

Fifteenth Annual Report of the Ohio State Board of Agriculture for the year

1860. 8vo.

Annual Report of theBoard ofRegents of the Smithsonian Institution for 1860. 8vo.

Transactions of the Pathological Society of London. Vol. xiii. 8vo.

Proceedings of the Royal Horticultural Society. December 1862. 8vo,

Jahresbericht iiber die Fortschritte der Chemie fiir 1861. Besorgt von Wilhelm
Hallwachs. Erste Halfte. 8vo.

The Quarterly Journal of the Geological Society. Vol. xviii.. No. 72, Pt. 4.

(With Charter and By-Laws, and List of Members.) 8vo.

On the Danger of Hasty Generalisation in Geology. By Alexander Bryson,

Esq., F.R.S.E. 8vo.

Report upon the Colorado River of the West; explored in 1857 and 1858 by

Lieutenant Joseph C. Ives, by Order of the Secretary of War. Royal 8vo.

Transactions of the Linnean Society of London. Vol. xxiii.. Part Second. 4to.

Results of Meteorological Observations made under the Direction of the United

States Patent Office and the Smithsonian Institution, from the year 1854
to 1859 inclusive: being a Report of the Commissioner of Patents made
at the First Session of the Thirty-Sixth Congress. Vol. i. 4to.

Nova Acta Regias Societatis Scientiarum Upsaliensis seriei tertise. Vol. iv.

Fasc. 1, 1862. 4to.

Ofversigt af Kongl. Vetenskaps—Akademiens Fordhandlingar. Adertonde

Argangen. 1861. 8vo.

Kongliga Svenska Vetenskaps—Akademiens Handlingar. Ny Foljd. Tredje

Bandet. Andra Haftet. 1860. 4to.

Meteorologiska Jakttagelser Sverige utgifna af Kongl. Svenska Vetenskaps

—

Akademien bearbetade af Er Edlund. Andra Bandet. 1860. 8vo.

Report on the Physics and Plydraulics of the Mississippi River ; upon the pro-

tection of the Alluvial Region against Overflow, etc. Prepared by Captain

Humphreys and Lieutenant Abbot. 4to.

Transactions of the American Philosophical Society, held at Philadelphia for

Promoting Useful Knowledge. Vol. xii. New Series. Part i. 4to.

Memoirs of the American Academy of Arts and Sciences. New Series. Vol.

viii. Part 1. 4to.

Proceedings of the above ; from the Four Hundred and Ninety-Sixth to the

Five Hundred and Seventh Meeting. 8vo.

Jahrbuch der kaiserlich-ki5niglichen geologischen Reichsanstalt, 1861 and 1862.

xii. Band, Nro. 3. Mai, Juni, Juli, August 1862. Wien. 8vo.

Die Fossilen MoUusken des Tertiar-beckens von Wien. Von Dr Moritz Hbrnes.

Bulletin de I'Academie Imperiale des Sciences de St Petersbourg. Tome iv.,

Nos. 3, 4, 5, and 6. 8vo.

Memoires de I'Academie Imperiale des Sciences de St Petersbourg. vii^. Serie.

Tome iv., Nos. 1 to 9. 8vo.

Rendiconto delle Sessioni dell' Accademia delle Scienze dell' Istituto di Bologna.

Anno Accademico 1859-60, e 1860-1. 12mo.
Memorie dell' Accademia delle Scienze dell' Istituto di Bologna. Tomo x.,

Fasc. i., ii., e. iii. ; e Tomo. xi. 8vo.

Memorie del Reale Istituto Lombardo di Scienze, Lettere, ed Arti. Vol. viii.,

Fasc. 7; e Vol. ix. Fasc. 1. 8vo.

DONORS.

TheRegents of the

University.

The Society.

The American Go-
vernment.

The Smithsonian

Institution.

The Author.

The Ohio Board.

The Institution.

The Society.

Ditto.

The Editor.

The Society.

The Author.

The American Go-
vernment.

The Society.

The Smithsonian

Institution.

The Society.

The Academy.

Ditto.

Ditto.

The American
Government.

The Society.

Ditto.

Ditto.

The Reichsanstalt

Ditto.

The Academy.

Ditto.

Ditto.

Ditto.

The Institute.
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DONATIONS.

Atti del Reale Istituto Lombardo di Scienze, Lettere, ed Arti. Vol. ii. Fasc.

15, 16, 17, 18, 19, e 20 ; e Vol. iii. Fasc. 1-4.

Forhandlinger i Videnskabs-selskabet i Cliristiania. Aar 1861. 8vo.

Flateyjarbok en Samling af Norske Konge-Sagaer, etc., 1859, 1860, 1861,

1862. 8vo.

Geologiske Undersgelser i Bergens-Omega af Th. Hiatdahl og M. Irgens. 4to.

Beskrivelse over Lophogaster Typicas, af Dr Michael Sars. 4to.

Beskrivelse over Aas h<^iere Landbrugskole af F. A. Dahl. 4to.

Fortegnelse over Modeller af Landliusholdnings. Redskaber fra Ladegaard

sens Hovedgaard ved Christiania. 8vo.

Meteorologische Beobacbtungen aufgezeichnet auf Christiania's Observatoriujn.

Lieferung i. and ii. 8vo.

Det Kongelige Norske Videnskabers-Selskabs Skrifter Idet 19de Aarbundrede.

4de Binds 2det Hefte. Drontbeim. 8vo.

Det Svenske Under visningsvaesen. 8vo.

Index Scbolarum in Universitate Regia Fredericiana nonagesimo octavo ejus

semestri anno mdccclii. xvii. Kalendas Februarias babendarum. 8vo.

Index Scbolarum in Universitate Regia Fredericiana nonagesimo nono ejus

semestri anno mdccclii. ab Augusto Mense ineunte babendarum. 8vo.

Er Norsk det Samme som Dansk ? Af K. Knudsen. 8vo.

Ueber das Frictions-Phanomen von Herrn Tbeodore Kjerulf in Cbristiania.

Bvo.

Beretning om Fiskeri-udstillingen i Amsterdam 1861.

Beretning oni det kongelige Selskab for Norges Vel, etc. i. Aaret 1861. 8vo.

Sypbilisationen udfort i Drammens Sygebuns. Ved Stadslaege F. C. Wild-

hagen. 8vo.

Fortsatte Observationer om Sypbilisationem von Prof. W. Boeck. 8vo.

La Norvege Pittoresque. Recueil de Vues. Oblong 8vo.

Norges Mynter i Middelalderen, samlede og-beskrevne af C. J. Scbive. Folio.

Die Culturpflanzen Norwegens beobacbtet von Dr F. C. Scbiibeler, etc. 8vo.

Geographical Charts.

Rechercbes sur la Syphilis. Folio. Par W. Boeck.

Monthly Notices of the Royal Astronomical Society. Vol. xxiii. No. 1. Bvo.

Journal of the Chemical Society, December 1862.

Monthly Return of the Births, Deaths, and Marriages registered in the Eight

Principal Towns of Scotland, November 1862.

DONORS.

The Institute.

The Society.

Ditto.

The Authors.

The Author.

Ditto.

The University.

The Observatory.

The Society.

The University.

Ditto.

The Author.

Ditto.

The University of

Christiania.

Ditto.

The Author.

Ditto.

The University of

Christiania.

Ditto.

Ditto,

Ditto.

Ditto.

The Society.

The Registrar-

General.

January 5, 1863.

Transactions of the Royal Society of Victoria. Vol. v. 8vo.

The Canadian Journal of Industry, Science, and Art, November 1862.

The Journal of Agriculture, January 1863. 8vo.

8vo.

The Journal of the Chemical Society, January 1863. 8vo.

The Cultivation of Cotton in Italy : Report by G. Devincenzi, Member of the

Italian Parliament. 8vo.

Notices of the Proceedings of the Royal Institution of Great Britain. Part xii.

1861, 1862. 8vo.

Royal Institution of Great Britain, 1862. A list of the Members, Officers, &c.,

for 1861. 8vo.

Proceedings of the Royal Society of London. Vol. xii. No. 52. Bvo.

Journal of the Asiatic Society of Bengal. No. cxii. Bvo.

Journal of the Statistical Society of London, December 1862. Bvo.

Transactions of the Linnean Society. Vol. xxiii. Part iii. 4to.

VOL. XXIII. PART III.

The Society.

The Institute.

Highland and
Agricul. Soc.

The Society.

The Author.

The Institution.

Ditto.

The Society.

Ditto.

Ditto.

Ditto.

10 Q
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DONATlOiSrs.

Magnetical and Meteorological Observations made at the Government Observa-

tory, Bombay, in the year i860, under the Superintendence of Lieutenant

E. F. T. Fergusson, I.N., &c., and Lieutenant P. W. Mitcheson, I.N, 8vo.

Compte Rendu de la 45^ Session de la Societe Suisse des Sciences Naturelles,

reunie a Lausanne les 20, 21, et 22 Aout 1861. 8vo.

Neue Denkschriften der Allgemeinen Schweizerischen Gesellschaft fiir die Ges-

ammten Naturwissenschaften. Band xix. 4to.

Annales de I'Observatoire Physique Central de Russie, publics par ordi-e de sa

Majeste Imperiale, par A. T. KupfFer. Nos. 1 & 2 (Annee 1859). 4to.

Cercles Chromatiques de M. E. Chevreul. 4to.

Meraoires de I'Institut Imperial de France. Tome xxxiii. 4to.

Supplement aux Comptes Rendus hebdoraadaires des Seances. Tome ii. 4to.

Memoires presentes par divers savants ^ I'Academie des Sciences. Tomes xvi.

et xvii. 4to.

Carte Geologique des Parties de la Savoie, du Piemont et de la Suisse voisines

du Mont Blanc, par Alphonse Favre, Professor de Geologie a 1'Academic
de Geneve.

DONORS.

Her Majesty's

Government.

The Society.

Ditto.

Russian Admini-
stration of Mines.

The Author.

The Academy of

Sciences.

Ditto.

Ditto.

The Author.

January 19, 1863.

Monthly Report of the Births, Deaths, and Marriages registered in the Eight

Principal Towns of Scotland, December 1862. 8vo.

Quarterly Report of the Meteorological Society of Scotland. 8vo.

Abstracts of the Proceedings of the Geological Society of London. Nos. 88,

89, and 90.

Transactions of the Royal Scottish Society of Arts. Vol. vi. Part ii. 8vo.

Monthly Notices of the Royal Astronomical Society. Vol. xxiii. No. 2. 8vo.

Proceedings of the Royal Horticultural Society. No. i. 1863. 8vo.

Proceedings of the Royal Society. Vol. xii. No. 52. 8vo.

Transactions of the Botanical Society. Vol. vii. Part ii. 8vo.

The Assurance Magazine, &c., January 1863. 8vo.

The North Atlantic Sea-bed : comprising a Diary of the Voyage on board

H.M.S. Bulldog in 1860. By G. C. Wallich, M.D., &c., Part i. 4to.

Memoires de la Societe de Physique de Geneve. Tome xvi., Seconde Partie. 4to.

Annual Report of the Board of Regents of the Smithsonian Institution for 1860.

8vo.

Pinetum Britannicum, a Descriptive Account of all hardy Trees of the Pine Tribe

cultivated in Great Britain, with Fac-Similes of the Original Drawings made
for the work. Part 1, Picea nobilis. By Messrs Lawson and Son. Fol.

Registrar- Gen

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Inst, of Act.

The Lords Com.

of the Admiralty.

The Society.

Board of Regents.

Right. Hon. Chas.

Lawson, Lord

Provost ofEdin.

February 2, 1863.

Essays from the " Quarterly Review." By James Hannay, Esq., F.R.S.E., The Author.

Author of " Satire and Satirists," &c. 8vo.

Sitzungsberichte der kbnigl. bayer. Akademie der Wissenschaften zu Miinchen. The Academy.

1862. i. Heft 4, und ii. Heft 1. 8vo.

Bulletin de la Societe Imperiale des Naturalistes de Moscou. Annee 1861. The Society,

Nos. i., ii., iii., et iv. Bvo.

The Journal of the Royal Dublin Society, Nos. 26, 27, 28. 8vo. Ditto.

Historical Sketch of Popular Literature, and its Influence on Society. By Wm. The Author.

Chambers, Esq. of Glenormiston.

February 16, 1863.

Explication de la Carte Geologique des parties de la Savoie, du Piemont, et The Author,

de la Suisse. Par A. Favre. 8vo.
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DONATIONS.

Report of the Commissioners of Patents for the year 1861. Agriculture. 8vo.

Library Catalogue of the Royal College of Physicians, 4to.

Transactions of the American Philosophical Society. Vol. xii. Part 2. 4to.

Sitzungsberichtederkbnigl.bayer. AkademiederWissenschaften zuMiinchen. 8vo.

Proceedings of the Royal Society. Vol. xii. No. 53. 8vo.

Proceedings of the Royal Geographical Society of London. Vol. vii. No.l. 8vo.

Journal of the Chemical Society. February 1863. 8vo.

Victorian Exhibition, 1861. Report on Class III.— Indigenous Vegetable

Substances. 8vo.

Tenth Annual Report of the Trustees of the Public Library, Boston. No-
vember 1862. 8vo.

Annual Report of the Geological Survey of India for 1861-62. 8vo.

Proceedings of the American Philosophical Society. Vol. ix. No. 67. 8vo,

Proceedings of the Royal Horticultural Society. February 1863.

Memoirs of the Geological Survey of India. 4to.

Memoirs of the Geological Survey of India. II. 1 and 2. 4to.

Geschichte der Physischen Geogi-aphie der Schweiz. Von B. Studer. 8vo.

Natuurkunde Verhandelingen van de Hollandsche Maatschappij te Haarlem,

xvii. Deel, and xix. Deel, Eerste Stuk. 4to.

Preisschriften gekront und herausgegeben von der fiirstlich Jablonowski'schen

Gesellschaft zu Leipzig. 4to.

The American Journal of Science and Arts. No. 102. 8vo.

DONORS.

The American
Government.

The College.

The Society.

The Academy.
The Society

Ditto.

Ditto.

The Government.

The Trustees.

The Government.

The Society.

Ditto.

Dr Oldham.

Ditto.

The Author.

The Association.

The Society.

The Conductors.

March 2, 1863.

Proceedings of the Britisli Meteorological Society. Vol. i. Nos. 1-4. 8vo.

List of Members of the British Meteorological Society. 1862. August.

Catalogue of Books in the Library of the British Meteorological Society.

August 1862. 8vo.

Eleventh Report of the Council of the British Meteorological Society for the

year 1861. 8vo.

The American Journal of Science and Arts. January 1863. 8vo.

Proceedings of the American Philosophical Society. Vol. ix. No. 68. 8vo.

The Journal of Agriculture. March 1863. 8vo.

Quarterly Return of the Births, Deaths, and Marriages registered in the Di-

visions, Counties, and Districts of Scotland. No. 32. 8vo.

Supplement to the above. 8vo.

Denkschiiften der kaiserlichen Akademie der Wissenschaften. Philosophisch-

historische Classe. Zwblfter Band. 4to.

Sitzungsberichte der kaiserlichen Akademie der Wissenschaften. xxxix Band,

ii. iii, iv. u. v. Heft ; u. xi. Band. i. u. ii. Heft. (Philosophisch-historische

Classe.) 8vo.

Sitzungsberichte der kaiserlichen Akademie der Wissenschaften Mathematisch-

naturwissenschaftliche Classe. xlv. Band. iii. iv. u. v. Heft (Erste Abthei-

lung), u. V. Heft (Zweite Abtheilung) ; u. xlvi. Band. i. u. ii. Heft (Zweite

Abtheilung). 8vo.

The Plants Indigenous to the Colony of Victoria, described by Ferdinand

Mueller, Ph.D., M.D., &c. Vol. i. Thalamiflorse. 4to.

Maps of the Ordnance Survey of Scotland. With Catalogue.

The Society.

Ditto.

Ditto.

Ditto.

The Conductors.

The Society.

The Highland and

Agricul. Society.

The Registrar-

General.

Ditto.

The Academy.

Ditto.

Ditto.

The Author.

Col. Sir H. James.

March 16, 1863.

Almanaque Nautico para 1864, calculado de orden de S. M. en el Observa- Director of the

torio de marina de la Ciudad de San Fernando. Cadiz. 1862. 8vo. Observatory.
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DONATIONS.

Proceedings of the Linnean Society. Vol. vii. No. 25. 8vo.

The Canadian Journal of Industry, Science, and Art. February 1863. 8vo.

Proceedings of the Horticultural Society. March 1863. 8vo.

Transactions of the Historic Society of Lancashire and Cheshire. New Series.

Vol. ii. 8vo.

Proceedings of the Royal Institution. Vol. i. 8vo.

Monthly Notices of the Royal Astronomical Society. Vol. xxiii. No. 4. 8vo.

Abstracts of the Proceedings of the Geological Society of London. No. 91.

8vo.

The Journal of the Chemical Society. Vol. xvi. Nos. 2 and 3. 8vo.

Monthly Return of the Births, Deaths, and Marriages registered in the Eight

Principal Towns of Scotland. February 1863. 8vo.

Journal of the Statistical Society of London. March 1863. 8vo.

Pilote Francaise.

DONORS.

The Society.

The Canad. Inst.

The Society.

Ditto.

The Institution.

The Society.

Ditto.

Ditto.

The Registrar-

General.

The Society.

The Depot de la

Marine.

April 6, 1863.

Abhandlungen herausgegeben von der Senckenbergischen naturforschenden

Gesellschaft. Vierten Bandes zweite Lieferung. 4to.

Proceedings of the Geological Society of London. Nos. 95 and 96. 8vo.

Les Grandes Usines de France. 4 Parts. 8vo.

Natural History ofNew York. Vol. iii. Part 6, on Palaeontology, 2 Vols. 4to.

Natural History of New York. Vol. iii. Part 5, on Agriculture. 4to.

' lit<!ro%oaroui Kul aJXoit largojv TaXa/wv Xti-^ava,. Edidit Franciscus Zacharias

jLrmerins. Volumen Secundum. Trajecti ad Rhenum, 1862. 4to.

Verslagen en Mededeelingen der Koninklijke Akademie van Wetenschappen.

Afdeeling Natuurkunde. Dertiende et viertiende Deel. 8vo.

Verslagen en Mededeelingen der Koninklijke Akademie van Wetenschappen.

Afdeeling Letterkunde. Zesde Deel. 8vo.

Jaarboek van de Koninklijke Akademie van Wetenschappen gevistigd te Amster-

dam voor 1861. 8vo.

Verhandelingen der Koninklijke Akademie van Wetenschappen. Achste Deel.

4to.

Journal of the Asiatic Society of Bengal. New Series. No. 113. 8vo.

Report of the Royal Commission on the Operation of the Acts relating to Trawl-

ing for Herring on the Coasts of Scotland. Folio.

The Quarterly Journal of the Geological Society. No. 73.

Transactions of the Linnean Society of London. Vol. xxiv. Part 1. 4to.

Materiaux pour la Carte Geologique de la Suisse publics par la Commission

Geologique de la Societe Helvetique des Sciences Naturelles aux frais de

la Confederation. Premiere Livraison. With Chart. 4to.

Oversigt over det Kongelige danske Videnskabernes Selskabs Forhandlinger og

dets Medlemmers Arbeider i Aaret 1861. 8vo.

Det Kongelige danske Videnskabei-nes Selskabs Skrifter femte Raekke. Natur-

videnskabelig og Mathematisk Afdeeling. Femte Binds andet Hefte. 4to.

Proceedings of the Royal Society of London. Vol. xii. No. 54. 8vo.

Instructions Nautiques sur les Mers de Tlnde, par James Horsburgh ; traduites

de 1'Anglais par M. le Predour. ii^ Partie. 4to.

Annuaire des Marees des Cotes de France pour I'an 1864 par M. Gaussin. 12mo.

Publications du Depot des Cartes et Plans de la Marine. Nos. 37-43 et 46-49.

8vo.

Seventy-Fifth Annual Report of the Regents of the University of the State of

New York. 8vo.

Fifteenth Annual Report of the Regents of the University of the State of New
York on the Condition of the State Cabinet of Natural History. 8vo.

Scheikundige Verhandelingen en Onderzoekingen uitgegeven door G. J. Mulder.

Derde Deel. Tweede Stuk. 8vo.

The Society,

Ditto.

American Govt.

Ditto.

Dutch Governmt.

The Academy.

Ditto.

Ditto.

Ditto.

The Secretaries.

British Governmt.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Depot General de

la Marine.

Ditto.

Ditto.

The University.

Ditto.

The Author.
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April 20, 1863.

DONATIONS.

Proceedings of the Royal Geographical Society of London. Vol. vii. No. 2. 8vo.

Quarterly Report of the Meteorological Society of Scotland, for the quarter

ending 31st December 1862. 8vo.

Monthly Notices of the Royal Astronomical Society. Vol. xiiii. No. 5. 8vo.

Notice sur la Vie et les Travaux de P. L. A. Cordier, Membre de I'Institut, &c.

&c. 8vo.

Proceedings of the Royal Horticultural Society. April. 8vo.

Monthly Return of the Births, Deaths, and Marriages registered in the Eight

Principal Towns of Scotland. Maixh. 8vo,

Journal of the Chemical Society. April. 8vo.

Proceedings of the British Meteorological Society. Vol. i. No. 5. 8vo.

Die Fortschritte der Physik im Jahre 1860. xvi. Jahrgang. i. and ii.

Abtheilung. 8vo.

Memoirs of the Geological Survey of India, ii. 3. 4to.

The American Journal of Science and Arts. Vol. xxxv. No. 104. 8vo.

Atti dell' Imp. Reg. Istituto Veneto di Scienze, Lettere ed Arti, dal Novembre
1861 all' Ottobre 1862. Tomo vii., serie iii., dispensa 4-10 ; e tomo
viii., serie iii., dispensa 1-3. 8vo.

Bulletin de la Societe de Geographic, cinquieme serie. Tome iv. 8vo.

On the Forces concerned in producing Magnetic Disturbances (Proceedings of the

Royal Institution of Great Britain). By Balfour Stewart, Esq., F.R.S. 8vo.

Catalogue of the Minerals containing Cerium. By Dr William Sharswood. Bvo.

Description of a New Genus (Trypanostoma) of the family Melanidse, and of

forty-five New Species, &c. By Isaac Lea, LL.D. 8vo.

Proceedings of the Academy of Natural Sciences of Philadelphia. Nos. vii.-

xii. 8vo.

Journal of the Academy of Natural Sciences of Philadelphia. New Series.

Vol. V. Part 3. 4to.

Memoires de I'Academie des Sciences de I'Institut Imperial de France. Tome
xxxiii. 4to.

Cercles Chromatiques de M. E. Chevreul. 4to.

On the Law of Expansion of Superheated Steam. By W. Fairbairn, LL.D.,

and Thomas Tate, Esq. 4to.

Bakerian Lecture. Experimental Researches to determine the Density of Steam

at Different Temperatures, and to determine the Law of Superheated Steam.

By William Fairbairn, Esq., LL.D., and Thomas Tate, Esq. 4to.

Biblical Natural Science, being the Explanation of all References in Holy Scrip-

ture to Geology, Botany, Zoology, and Physical Geography. By the Rev.

John Duns, F.R.S.E. Parts 1 to 4. 8vo.

DONORS.

The Society.

Ditto.

Ditto.

The Author.

The Society.

The Registrar-

General.

The Society.

Ditto.

Phy. Soc, Berlin.

Dr Thos. Oldham.

The Conductors.

The Institute.

The Society.

The Author.

Ditto.

Ditto.

The Society.

The Academy.

Ditto.

The Author.

The Authors.

Ditto.

The Author.

November 23, 1863.

Abhandl. der konigl. Gesellschaft der Wissenschaften zu Goettingen. Q*®"" u. The Society.

lOterBande 1860-2. 4to.

Nova Acta Academiae Csesareae Leopoldino-Carolinse naturae Curiosorum. Vol. Ditto,

xxvi, pars posterior, 1858. 4to.

Sitzungsberichte der kaiserl. Akademie der Wissenschaften zu Wien—Mathe- The Academy,
matisch-naturwissenschaftliche Classe. Jahrgang, 1862, Bande xlvi.-

xlvii. ; und Philosophisch-historische Classe, Bande xl.-xli, nebst Register zu

Banden xxxi.-xl.

Denkschriften der kaiserl. Akademie der Wissenschaften—Mathematisch-natur- Ditto,

wissenschaftliche Classe. xxi*<='" Band. 4to.

Spcieta reale di Napoli : rendiconto dell' Academia delle Scienze fisiche e mathe- Ditto,

matiche. Anno i"". fascicoli 1-8. Anno ii*". fascicoli 1-3 ; e rendi-

conto delle scienze morali e politiche. Anni 1862-3. 4to.

VOL. XXIII. PART III. 10 R
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DONATIONS.

Positiones mediae stellarum fixarum in zonis regiomontanis a Besselio inter

+ 15°et + 45° declinationis observatarum ad annum 1825 redactae, etc.

auctore Maximiliano "Weisse. 4to.

Observations meteorologiques faites k Nijne-Taguilsk, annees 1861-2. 8vo.

Transactions of tbe Zoological Society of London for 1861. Part iii. ; and

1862, Parts i. ii. and iii. 4to.

Proceedings of the same. Vol, iv. Part vii. ; and Vol. v. Parts i. and ii. 8vo.

Philosophical Transactions of the Royal Society of London for 1862. Parts i.

and ii. 4to.

Proceedings of the same for 1863. 8vo.

Extension of the Triangulation of the Ordnance Survey into France and Belgium,

&c. By Col. Sir H. James, R.E., &c. 4to.

Memoirs of the American Academy of Arts and Sciences. New Series. Vol.

viii. Part ii. 4to.

Proceedings of the same. Conclusion of Vol. v. and commencement of Vol. vi.

Journal of the Academy of Natural Sciences of Philadelphia. Vol. v. Part ii. 4to.

Proceedings of the Boston Society of Natural History. Vol. viii. 1861-2.

Vol. ix. 1862-3. 8vo.

Boston Journal of Natural History. Vol. vii. Nos. 1, 2, and 3. 8vo.

Proceedings of the American Philosophical Society. Vol. ix., No. 69. 8vo.

Catalogue of the Library of the same. Part i. 8vo.

Transactions of the same. Part iii. Art. iv. " Intellectual Symbolism." By
P. E. Chase, M.A. 4to.

Astronomical and Meteorological Observations at the U. S. Naval Observatory

during 1861. 4to.

Annual Report of the Trustees of the Museum of Comparative Zoology. 1862.

8vo.

Report of Lieut -Col. J. D. Graham on Mason and Dixon's Line. 8vo.

Observations on the Genus Unio. By Dr Isaac Lea. Vol. ix. 4to.

Discussion of the Magnetic and Meteorological Observations at Gerard College

Observatory from 1840-5. Second Section, comprising I'arts iv. v.

and vi. Horizontal Force. By Dr A. D. Bache. 4to.

Appendices xvi. and xxiii. to the above. 4to.

Report of the Superintendent of the U.S. Coast Survey for 1859 and 1860.

2 vols. 4to.

Ohio Agricultural Report for 1861. Second Series. 8vo.

Annual Report of the Regents of the Smithsonian Institution for 1861. 8vo.

On the Syllogism. No. v. By A. De Morgan, F.R.AS. and C.P.S., &c. 4to.

Archaeologia. By the Society of Antiquaries of London. Vol. xxxix. 4to.

Proceedings of the Royal Institution of Great Britain. Nos. 37 and 38. 8vo.

Scheikundige Verhandelingen, tweede Deel, tweede Stuk door G. J. Mulder. 8vo.

Muir's Sanscrit Texts. Vol. iv.

Beobachtungen des Mars um die Zeit der Opposition, 1862, von Dr A. Winnecke.

4 to.

Observations de la grande Nebuleuse d'Orion faites 4 Cazan et i. Poulkova.

Par O. Struve. 4to.

Proceedings of the Medico-Chirurgical Society of London. Vol. iv. Nos. 3 and

4. 8vo.

Atti deir imp. reg. Istituto Veneto di Scienze, Lettere ed Arti dal Novembre
1862 all' Ottobre 1863. Tomo ottavo ; Serie terza. Dispense quarta-

nona. 8vo.

Du Climat de Geneve. Par E. Plantamour. 4to.

Resume Meteorologique de I'Annee 1861 pour Geneve et le Grand S. Bernard.

By the same. 8vo.

Biblical Natural Science. By Rev. John Duns. Parts vi.-xiii. 8vo.

Traforo dell' Alpi tra Bardoneche e Modane, 1863. 4to.

Memoire sur la loi du refroidissement des Corps Spheriques, etc. Par J. Plana,

Turin. 4to.

DONORS.

Imperial Acad, of

St Petersburg.

Russian Gov,
The Society.

Ditto.

Ditto.

Ditto.

The Author,

The Society.

Ditto.

The Academy,
The Society.

Ditto.

Ditto.

Ditto.

Ditto.

The Observatory.

The Trustees.

The Author.

Ditto.

Ditto.

Ditto.

Ditto.

Smithsonian Inst.

Ditto.

The Author.

The Society.

The Institution.

The Author.

Ditto.

Ditto.

Ditto.

The Society.

The Institute.

The Author.

Ditto.

Ditto.

Italian Governrtit.

The Author.
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Memoirs of the Geological Survey of India, ii. 4, and ii. 5. 4to.

Catalogus Lichenum quos in Provincia Sondriensi et circa Novum Coraum col-

legit, etc. Presbyter Martinus Anzi. 8vo.

Annales hydrographiques, Nos. 350-5. 8vo.

Bulletin de la Societe de Geograpliie. 8vo.

Cartes de la Pilote Francaise.

Proceedings of the Nat. Hist, Society of Dublin. Vol. iii., Parts i. and ii. 8vo.

On the Generative System oi Helix aspersa et hortensis. By Dr H. Lawson, 8vo.

Jahrbuch der kaiserl. konigl. Geologischen Reichsanstalt. xii. No. 4, and

xiii. Nos. 1 and 2. Mit General Register der ersten 10 Bande. 8vo.

Bibliotheque de M. le Baron de Stassart leguee k 1'Academic Boyale de Belgique.

8vo.

Sveriges Geologiska Undersbkning. 1-5. With Maps. 8vo.

Proceedings of the Royal Horticultural Society. May to November 1863. 8vo.

Memoirs of the Royal Astronomical Society. Vol. xxxi. 4to.

Annales de I'Observatoire Royal de Bruxelles. Tome xv. 4to.

Note sur les Resultats fournis par une enquete relative a I'authenticite de la

decouverte d'une machoire humaine et des haches en silex dans le terrain

diluvien de Moulin-Quignon. Par M. Milne-Edwards. 4to.

Ueber die Saurodipterinen, Dendrodonten, Glyptolepiden u. Cheirolepiden des

Devonischen Systems von Dr C. H. Pander. With 17 Plates. 4to.

Monatsberichte der konigl. Preuss. Akademie der Wissenschaften zu Berlin.

Aus dem Jahre 1862. 8vo.

Mittheilungen der naturforschenden Gesellschaft in Bern. Nos. 497-530. 8vo.

The Westminster Confession of Faith critically compared with the Holy Scrip-

tures and Found Wanting. By James Stark, M.D., &c. 8vo.

Pinetum Britannicum. Part iv. Abies Hookeriana ; Abies Pattoniana. Folio.

Journal of Agriculture ; July and October 1863. 8vo.

Report on the Madras Military Fund, containing New Tables of Mortality, Mar-
riage, &c., from 1808 to 1858. 8vo.

Proceedings of the Royal Meteorological Society. Vol. i. Nos, 6-8. 8vo.

Journal of the Proceedings of the Linnean Society, Vol. vii. Nos. 26, 27. 8vo.

The Canadian Journal of Industry, Science, and Art. Nos. 44-47. 8vo.

Journal of the Royal Dublin Society. No. 29. 8vo.

Journal of the Geological Society of Dublin. Vol. x. Part i. 8vo.

Monthly Returns of the Births, Deaths, and Marriages Registered in the Eight

Principal Towns of Scotland for 1863. 8vo.

Quarterly Returns of the above Registered in the Divisions, Counties, and Dis-

tricts of Scotland for 1863. 8vo.

Quarterly Reports of the Meteorological Society of Scotland for 1863. 8vo.

Nyt Magazin for Naturvidensskaberne. Twelfth Volume, Parts i.—iii. 8vo.

Norsk-Forfatter Lexicon, 1814-56. Af Jens E. Kraft. Sjette Heft. 8vo.

Norske Vaegtlodder t'ra fjortende aarhundrede beskrevene. Af C. A. Holmboe.
4to.

Taxidermi. For the use of the University of Christiania. 8vo.

Peter Andreas Munch. Ved Paul Botten Hansen. 8vo.

Fredie Aars-Beretning cm Fantesolket. Ved Eilert Sundt. 8vo,

Udsigt over Mineral Cabinett Opstilling og Storrelse. Af givet som Indberet-

ning for 1861 fra Bestzreren. 8vo.

Forhandlinger i Videnskabs-Selskabet i Christiania Aar, 1862. 8vo.

iEgyptische Chronologic. Von J. Lieblein. 8vo.

Det Kongelige Norske Frederiks Universitets Aarsberetning for Aaret 1861.

8vo.

Aperfu des differents Methodes de Traiteraent employees a I'hopital de I'Uni-

versite de Christiania contre la Syphilis constitutionelle. Par J. L. Biden-

kap. 8vo.

Committee-Beretning Angaaende Syphilisationem ved Steffens, Egeberg et Voss.

8vo.

DONORS.

Dr Oldham.
T. C. Archer, Esq.

Depot de la Marine.
Ditto.

Ditto.

The Society.

The Author.

Archivar of the

Reichsanstalt.

The Academy.

Swedish Govt.

The Society.

Ditto.

M. Quetelet.

.

The Author.

Russian Governt.

The Academy.

The Society.

The Author.

Ch. Lawson, Esq.

Highland Society.

Samuel Brown,
Esq,

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

The Registrar-

General.

Ditto.

The Society.

The Editors.

The Editor.

The Author.

The University.

The Author.

Ditto.

Ditto.

The Society.

The University.

Ditto.

Ditto.

Ditto.
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Det Kongelige Frederiks Universitets Halvhundredaars-fest, Sept. 1861. 8vo.

Schriften der Universitat zu Kiel. Aus dem Jahre 1862. Band ix. 4to.

Abhandlungen der philosoph.-philologischen. Classe der konigl. bayerischen

Akademie der Wissenscliaften. 9"*'' Bandes 3*^ Abtheilung. 4to.

Mathematisch-physikalische Classe von derselben. 9*^^" Bandes 3*^ Abtheilung.

4to.

Denkrede auf .Toh. Andreas Wagner, von Dr C. F. P. von Martins. 4to.

Rede in der ofFetnlichen Sitzung der k. Akademie der Wissenschaften am 28

Marz 1863. Von Justus Freiherrn von Liebig. 4to.

Ueber die deutschen Einlieits-bestrebungen in 16 Jahrhundert, von dem kiinigl.

Universitats Professor Dr Cornesius. 4to.

Sitzungsberichte der konigl. bayer. Akademie der Wissenchaften zu Miinchen,

. 1862, ii. Heft. 3, 4, and 1863, i. Heft. 1-3. 8vo.

Berichte iiber die Verhandelungen der konigl. sachsischen Gesellschaft der

Wissenschaften zu Leipzig ; mathematisch-physische Classe, 1862, und
philologisch-historische Classe, 1862. 8vo.

Die Schlacht von Warschau, 1856. Von Job. Gust. Droysen. No. 4. 8vo.

Ueber den Bau von Angiopteris. Von G. Mettenius. 8vo.

Transactions of the Botanical Society, Vol. vii. Part iii. 8vo.

Phenomena attending the Fall of Meteorites on the Earth. By W. Haidinger,

For. Mem. R.S.L. & E., &c. 8vo.

Du Progres dans les langues par une direction nouvelle donnee aux travaux des

Pliilologues et des Academies. 8vo.

Scientific Papers. By John Hogg, M.A., F.R.S., &c. 8vo.

On the Origin and Distribution of the Regum or Black Cotton Soils of India.

By Captain A. Aytoun. 8vo.

On the Phenomena of the Glacial Drift of Scotland. By Archibald Geikie, Esq.

8vo.

Bulletins de I'Academie Royale des Sciences, des Lettres, et des Beaux-Arts de

Belgique. Tomes xiii. et xiv. 8vo.

Memoires Couronnes, etc., publies par I'Academie Royale de Belgique. 8vo.

Annuaires de I'Academie de Belgique. 1863.

Annuaire de I'Observatoire Royale de Bruxelles. Par M. A. Quetelet. 16mo.
Bolide observee dans la soiree du 4 Mars 1863. Par M. A. Quetelet. 8vo.

Etoiles filantes. Orages des mois d'Aout et Septembre 1862, Direction des

Courants electriques dans les corps des aniraaux. Par M. A. Quetelet. 8vo.

Surles Etoiles filantes. Par E. Herrick et Ad. Quetelet. 8vo.

Difference des temps entre Bruxelles et Vienne pour les epoques critiques des

Plantes et des Animaux. Par M. A. Quetelet. 8vo.

Sur les Nebuleuses, etc. Par M. A. Quetelet. 8vo.

Aui'ora borealis du 14 au 15 Decembre 1862. Par M. A. Quetelet. 8yo.

De la Variation annuelle de I'lnclinaison et de la Declinaison magnetique, etc.

Par M. A. Quetelet. 8vo.

Climat de la Belgique. Par M. A. Quetelet. 4to.

Etoiles filantes de periode du 10 Aout 1863. Par M. A. Quetelet. 8vo.

On Time-Boundaries in Geological History, &c. By J. D. Dana, Esq.

System der deutschen Katarakten insbesonders Bayern's. u. s. w. Von Dr
Joh. Gistl. 8vo.

Systema Insectorum secundum Classes, Ordines, Genera, Species, scripsit Dr
Joh. Gistl. Tome i., Fasc. 1. 8vo.

Melanges Mathematiques et Astronomiques, tires du Bulletin de I'Academie

Tome iii. 1862. 8vo.

Nos. n. ni.

Imperiale des Sciences de S. Petersbourg.

Bulletin de la Societe Imperiale des Naturalistes de Moscou
& iv. 8vo.

Suez Canal. Report of John Hawkshavv, F.R.S., to the Egyptian Government.

8vo.

Reise der oesterreichischen Fregatte Novara um die Erde. Nautisch-physika-

lischer Theil. ii^e. Abtheilung. 4to.

DONORS.

The University.

Ditto.

The Academy.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Society.

Ditto.

Ditto.

Ditto.

The Author.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Academy.

The Society.

The Author.

The Austrian

Government.
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Correspondenz-blatt des Vereins fiir Naturkunde zu Presburg. i. Jahrgang.

1862. 8vo.

Fifteenth Annual Report of the Regents of the University of the State of

New York, on the Condition of the State Cabinet of Natural History.

8vo.

Report of the Commissioner of Patents for 1860. Vols. i. and ii. 8vo.

Address to the Royal Physical Society of Edinburgh on the Opening of the

Ninety-second Session. By Alexander Bryson, Esq. 8vo.

Klein on Foretelling the Weather in Connection with Meteorological Observa-

tions. Translated from the Dutch by Dr Adrian!. 8vo.

Catalogue des Objets d'Antiquite, etc. de Feu, M. Jomard. 8vo.

Proceedings and Transactions of the Meteorological Society of Mauritius. Vol. v.

8vo.

Annual Report of the Yorkshire Philosophical Society for 1862, 8vo.

Journal of the Statistical Society of London. Vol. xxvi. Parts 2 and 3.

8vo.

Nederlandsch Kruidkundig Archief onder redactie van W. F. R. Suringar en

M. J. Cop. Vifde Deel. Derde Stuk. 8vo.

Schriften der konigl. physikalisch-bkonomischen Gesellschaft zu Konigsberg.

Dritter Jahrgang 1862, i« u. 2*^ Abtheil. 4to.

Resultate magnetischer u. meteorologischer Beobachtungen auf einer Reise nach

dem bstlichen Sibirien in den Jahren 1828-30. Von Prof. Hansteen u.

Lieutenant Due. 4to.

Proceedings of the Royal Physical Society of Edinburgh. Sessions 1858-62.

Transactions of the Pathological Society of London. Vol. xiv. 8vo.

Quarterly Journal of the Geological Society. No. 76.

Compte Rendu de la Commission Imperiale archeologique pour I'annee 1861
(avec un Atlas). 4to.

Greenwich Observations for 1861. 4to.

Jahresbericht iiber die Fortschritte der Chemie, etc. Von H. Kopp u. H. Will,

DONORS.

Professor E.

Mack.
The U.S. Govern-

ment.

Ditto.

The Author.

The Translator.

The Author.

The Society.

Ditto.

Ditto.

The Editors.

The Society.

The Authors.

The Society.

Ditto.

Ditto.

The Russian Go-
vernment.

The Astronomer-

Royal.

The Editors.

Memoires de Societe Imperiale des Sciences Naturelles de Cherbourg. Tomes The French

vi.-viii. 8vo. Consul.

Proceedings of the Royal Geographical Society. Vol. vii. Nos. 3,4,and5. 8vo, The Society.

Becember 21, 1863.

Monthly Return of the Births, Deaths, and Marriages Registered in the Four The Registrar-

Principal Counties of Scotland. October 1863. 8vo. Genei-al.

Journal of the Royal Geographical Society. No. 32. 8vo. The Society.

Transactions of the Linnean Society. Vol. xxii. Part 2. 4to. Ditto.

Journal of the Chemical Society. No. 12. 8vo. Ditto.

Transactions of the Royal Society of Literature. Vol. vii. Part 3. 8vo. Ditto.

American Journal of Science and Arts. No. 108. 8vo. The Editors.

January 4, 1864.

Journal of the Statistical Society of London. December 1863 (with General The Society

Index). 8vo.

Monthly Notices of the Astronomical Society. Vol. xxiv. No. 1.

Monthly Return of Births, Deaths, and Marriages Registered

Principal Counties of Scotland. November 1863. 8vo.

8vo.

thein Four
Ditto.

The Registrar-

General.
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Abhandlungen herausgegeben von der senckenbergischen naturforschenden

Gesellschaft. Vierten Bandes, dritte u. vierte Lieferung. 4to.

Historia e Memorias da Academia real das Sciencias de Lisboa. Classe de

Sciencias Moraes, Politicas e Bellas^Lettras. Nova Serie. Tomo ii. Parte

2. 4to.

Sitzungsberichte der konigl. bayer. Akademie der Wissenschaften zu Miinchen.

Jahrgang 1863, i. (Doppel) Heft iv. 8vo.

Kongliga Svenska Vetenskaps-Akademiens Handlingar. Ny Foljd, Fjerde

Bandet, Forsta Haftet. 1861. 4to.
o

Ofversigt af Kongl. Vetenskaps-Akademiens Fbrhandlingar. Nittonde Ar-
o

gangen. 1862. Meteorologiska Jakttagelser i sverige utgifna af kongl.

Svenska Vetenskaps-Akaderaien, bearbetade af Er. Edlund. Fredje Bandet.

1861. Oblong 8vo.

The Canadian Journal of Industry, Science, and Art. No. 48.

Transactions of the Royal Scottish Society of Arts. Vol. vi. Part 3. 8vo.

The Journal of Agriculture. January 1864. 8vo.

The Journal of the Royal Geographical Society. Vol. xxxii. 8vo.

Jahrbucb der kaiserlich-kbniglichen geologischen Reichs-Anstalt. 1863. xiii.

Band. 8vo.

Memoires de I'Academie Imperiale des Sciences de St Petersbourg. vii« Serie.

Tome iv. Nos. 10 et 11. 4to.

Bulletin de I'Academie Imperiale des Sciences de St Petersbourg. Tome iv.

Nos. 7-9. Tome v. Nos. 1 et 2. 4to.

Tables of Heights in Sind, the Punjab, North-western Provinces, and Central

India, determined by the great Trigonometrical Survey of India, Trigono-

metrically and by Spirit-Levelling operations. 8vo.

DONORS.

The Society.

The Academy.

Ditto.

Ditto.

Ditto.

The Editors.

The Society.

High. & Agr. Soc.

The Society.

The Austrian

Government.

The Academy.

Ditto.

The Director of

the Survey.

January 18, 1864.

A Brief Memoir of the late Mr Thackeray. By James Hannay, Esq., author of

" Singleton Fontenoy, R.N.," " Essays from the Quarterly," &c. 8vo.

Conspectus criticus Diatomacearum Danicarum. Kritisk oversigt over de

Danske Diatomeer af Dr Phil. P. A. C. Heiberg. 8vo.

Monthly Notices of the Astronomical Society. Vol. xxiv., No. 2. 8vo.

The Journal of the Chemical Society. December 1863, January 1864.

Leeds Philosophical and Literary Society, Annual Report for 1862-63. 8vo.

Monthly Return of the Births, Marriages, and Deaths registered in the Eight

Principal Towns of Scotland. December 1863. 8vo.

The Relations of Science to Modern Civilisation. By Professor H. Hennessy.

8vo.

Jahresbericht iiber die Fortschritte der Chemie, etc. Von H. Kopp u. H. Will.

fur 1862. Erstes Heft. 8vo.

Proceedings of the Royal Horticultural Society. January 1864. 8vo.

Essays on Digestion. By Dr J. Carson. 8vo.

Memorie Botaniche. Presentate alia R. Accademia delle Scienze Fisico-Mate-

matiche, anno 1862. 4to.

Proceedings of the Royal Society. Vol. xiii. No. 59. 8vo.

Edinburo;h Astronomical Observations. Vol. xii. 4to.

The Author.

Ditto.

The Society.

Ditto.

Ditto.

The Registrar-

General.

The Author.

The Authors.

The Society.

The Author.

The Society.

Ditto.

The Observatorv.

February 15, 1864.

Astronomical and Meteorological Observations made at the RadclifTe Observatory, The Trustees.

Oxford, in the year 1861. Vol. xxi. 8vo.

Proceedings of the Royal Society of London. Vol. xiii. No. 60. 8vo. The Society.
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The Classification of Animals based on the Principle of Cephalization.—On
Fossil Insects from the Carboniferous Formation in Illinois. By James D.

Dana. 8vo.

Die Fortschritte der Physik in 1861 dargestellt von der p^ysikal Gesellsch. zu

Berlin, xvii Jahrgang. Ite u. 2te Abtheil. 8vo.

Sitzungsberichte der kbnigl. buyer. Akademie der Wissenschaften zu Miinchen.

1863. ii. Heft i. and ii. 8vo.

Journal of the Royal Dublin Society. No. xxx.

Journal of the Royal Asiatic Society. Vol. xx.

Journal of the Scottish Meteorological Society.

Journal of the Chemical Society, February 1864.

Monthly Notices of the Royal Astronomical Society.

Proceedings of the Royal Horticultural Society. Feb.

8vo.

Parts 3 and 4. 8vo.

Jan. 1864 (New Series).

870.

Vol. xxiv. No. 3.

1864. 8vo.

8vo.

8vo.

Abstracts of Proceedings of the Geological Society of London. Nos. 105 and

106.

Otago Provincial Government Gazette. Vol. vi. No. 274. Small folio.

Containing Report by Dr James Hector, on the Geological Expedition to

the West Coast of Otago, New Zealand.

Nova Acta Regise Societatis Scientiarum Upsaliensis. Seriei Tertise. Vol. iv.

Fasc. ii. 1863. 4to.

Abhandlungen der konigl. Academie der Wissenschaften zu Berlin. Aus dem
Jahre 1862. 4to.

DONORS.

The Author.

The Society.

The Academy.

The Society.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

The Provincial

Government.

The Society.

The Academy.

March 7, 1864.

Insanity and Crime ; a Medico-Legal Commentary on the Case of George Victor

Townley. By the Editors of the Journal of Mental Science. 8vo.

Pinetum Britannicum. Part v. Picea Apolliyds ; Pinus Jeffreyii. Folio.

Royal Geographical Society's Proceedings. Vol. viii. No. 1. 8vo.

Monthly Return of the Births, Deaths, and Marriages registered in the Eight

Principal Towns of Scotland. January 1864. (With Supplement for

1863.) 8vo.

Journal of the Asiatic Society. Nos. 3 and 4. 1863. 8vo.

Quarterly Journal of the Geological Society. No. 77. 8vo.

Verhandlungen der schweizerischen naturforschenden Gesellsch aft bei ihren

Versammlung zu Luzern den 23, 24, u. 25. Sept. 1862. 8vo.

Quarterly Return of the Births, Deaths, and Marriages registered in the Divi-

sions, Counties, and Districts of Scotland. No. 36. (With Supplement.)

8vo.

Proceedings of the Royal Horticultural Society. Vol. iv. Nos. 2-4. (With

Index to Vol. iii.) 8vo.

Proceedings of the Literary and Philosophical Society of Liverpool. No. 17.

8vo.

Journal of Agriculture. March 1860. 8vo.

American Journal of Arts and Sciences. Jan. 1864. 8vo.

Proceedings of the Royal Society. No. 61. 8vo.

Magnetical and Meteorological Observations made at the Government Observa-

tory, Bombay. 1861. 4to.

Abhandlungen herausgegeben von der senckenbergischen naturforschenden Gesell-

schaft. Band v. Heft. 1. 4to.

Sitzungsberichte der kbnigl. bayer. Akademie der Wissenschaften zu Miinchen.

1863. ii. Heft. iii. 8vo.

Budapesti Szemle Szerkeszti es Riadja Csengery Antal. xli—Ivii Fiizet. 8vo.

Magyar Akademiai Ei-tesi'to. ii. and iii. 1-2. 8vo.

Mathematikai s Termeszettudomanyi Kbzlemenyek Vonatkozolag a Hazai Vis-

zonyokra. ii. 8vo.

De Finibus ultimis Nervorum Muscularium. Autore Th. Margo, Professore

Universitatis Pestanae. 4to.

The Authors.

C. Lawson, Esq.

The Society.

The Registrar-

General.

The Society.

Ditto.

Ditto.

The Registrar-

General.

The Society.

Ditto.

High.&Agri.Soc.
The Conductors.

The Society.

The Government.

The Society.

The Academy.

The Society.

The Academy.
Ditto.

Ditto.
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Phaenomena continentalis elevationis et depressionis partis Europae inter Oi-ien-

tem et Meridiem sitae in Epoclia Geologis " deluviali" dicta. Autore

Josepho Szabo, Professore Universitatis Pestanse. 4to,

DONORS.

The Academy.

March 21, 1864.

The Canadian Journal of Industry, Science, and Art. No. 49. 8vo.

De I'Origine des Lacs Suisses. Par M. B. Studer. 8vo.

Proceedings of the Royal Geographical Society. Vol. viii. No. 2. 8vo.

Journal of the Chemical Society. March 1864. 8vo.

Monthly Return of the Births, Deaths, and Marriages Registei-ed in the Eight

Principal Towns of Scotland, &c. February 1864. 8vo.

Monthly Notices of the Royal Astronomical Society. Vol. xxiv. No. 4. 8vo.

Bulletin de la Societe de Geographie. Cinquieme Serie. Tome vi. 8vo.

Sitzungsherichte der kbnig. bayer. Akademie der Wissenschaften zu Miinchen.

ii. Heft 5. 8vo.

Memoires de I'Academie des Sciences de I'Institut Imperial de France. Tome
xxvi. 4to.

Extraits de Geologic pour I'annee 1861. 8vo.

Proceedings of the Royal Horticultural Society. Vol. iv. March 1864. 8vo.

Canad. Institute.

The Author.

The Society.
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